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Colonel Win. N. Borah, M.C.
Director, Base Medcaal Services

McClellan APB, California

I have the pleasure of welcoming you to the Air Force's first
Sanitary and Industrial Hygienc Engineering SyMosium. McClellan
APB is Justly proud to hoot you for those next few days.

We have asked Colonel Cole to extend the official welcome of
SMAM& to you participants In the Sywosium. Colonel Cole was born
in Edgewood•, Illinois, in 1915. He attended the Illinois State
Teachers College and taught school for three years in a one-room
Illinois schoolhouse before entering the U.S.Military Academy at
West Point in 1937.

Following graduation from the Academy in 1941 he entered flying
training and received his wings on 7 March 9742. Colonel Cole is
a Command Pilot with over 3,000 flying hours logged. He saw combat
in Europe during World War II as a B-17 pilot.

He receivktd his Master's Degree in Industrial Engineering from
Stanford University in 1948; subsequently was assigned to Washington,
D.C. as Chief of Procurement Policy Branch of the Interservice
Munitions Board. This service group developed the Armed Forces
Procurement Regulations and Single Service Purchase Pund,, still in
operation.

Colonel Cole was first assigned to SMAMA in August 1956, has held
several directorate level positions until 8 September 1961,, when he
was assigned as SMAMA Deputy Commander. Colonel Cole's decorations
include the Legion of Meritp the Bronze Star, the Air Medal with
0ak Leaf Cluster.
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"Oolonel Clifforl E. Cole, TMAF
Deputy Commander

McClellan Air Force Base, Calif.

Genoral IUndryl our Commender, is unable to be here today, but
in his behaJf I want to vicome each of you to McClellan.

We're proud of our installation here. We have a mission to perform
that we consider vital to the Air Force. It may be interesting to
nte that we support about 35% of the aircraft that are flown in the
free world today. This includes aircraft of our own forces and those
we support for MAP countries generally, overseas.

We have at thiu base one of the two facilities that deal with the
subject matter under general discussion today, and we are quite proud
of that. In this mission of ours, we naturally have quite a large in-
dustrial complex., probably with more functions in it than you would
find in a co .arablo installation in industry. The people here have
the benefit of the Environmental Health ýaboratory to help them in
their work, and the facilities of this laboratory are also available
to others in our assigned area of responsibility.

Since this is the first seviosium of this kind, I think we should
also feel very proud that you all here will accept what must become
a pattern for your efforts.

By coincidence I learned the other night that indwstrial hygiene
does pay off in terms of individual health. A gentleman in Sacramento
told me that he used to work at McClellan during the war. He was one
of a nauer of people working in Mintenance, who were having some
kind of sinus difficulties. After aoas.iderable exploration, it wds
4etermined that there were fumes from some of the operations in
Ysintenance and that the people were breathing these fumes because
they had no respiratory protective equipmentp and this was the cause
of the problem. By calling in the people who Luow how to handle
these matters, they determined the exact cause of the difficulty, provided
the nccc•aoxy ventilation and individ ual protection. This 9-me thing
is Soing on E" ' the time, and naturally contributes in no small
way to the effectiveness of our people in those areas where there are
industrial hazards.

Once again, Gentlemen, we are very happy to have you here at McClellan.
All our facilities are available to you, and I hope you are comfortable
in your quarters, whezever you may be. If there is anything that we
can do to assist you while you are here, we stand ready to do so.

Welcome to XcCleLlan.
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RMESFONSE AND AID OF THE SWOGIUM

Major General L. Render Blraswell, USAF, MJ
Command Surgeon, Hq AFIC

Wright-Patterson AFB, Ohio

As Command Surgeon for the Air Force Logistics Command, I certainly
welcore you here to this first Industrial Hygiene Engineering Sym-
posium. I want to thank you, Colonel Cole, and General Landry and
Colonel Borah and all the rest of you for making the arrangements.
Accomnodation artre very pleasant, suitable, and most enjoyable.

I have had a chance to go through the Environmental Health Laboratory
and I want to compliment Captain Powell and his staff for the excel-
lent job they have done in effecting the move and organization of the
laboratory from its former building, and for the initiative shown in
making the space habitable with a very limited budget.

We in the Air Force are highly honored that these outstanding men in
our profession have taken time out of their busy schedule to help
guide us in our mission here, and I'd like to take cognizance of
Dr. Princi of the Kettering Iaboratory, Dr. Ashe of Ohio State Uni-
versity, Dr. Quigley of National Lead, Dr. George Milly, the Scientific
Director of the Axrmy Chemical Corps Research Group and, of course, no
symposium like this would be complete without Prnfi or Hatch fron
thie University of Pittsburgh.

As to the aims of the symposium, it is our major intent to afford
an opportunity for the younger engineers and health physicists
actually to meet these highly qualified men -- not only to just see
them, but to meet them personally and be able to talk with them.
Of course, there are many other highly qualified men of note in this
profession whom I can mention, such as Colonel Grant from the Sur-
eeon General's Office, Colonel Boysen from my staff, and others --
but after all, you care here to listen to the pearls of wisdom
from these educators, n•t to listen to me, so I will not prolong
this.

The next tia-. of -paramount importance is geLtig inter-communication
between iadstrial vygiene enginzers. We are spread so thin that
some of you don t pet to know what the other people are doing, and
at this sym4osiui you'll. be able to be here and chat with your
coJr.eagwus id 'Itsuuss how things are going at the various



installations; what's this or that -- how they have done uo-and-so.
These things are important; to see men of national prominence in
their fields and get to talk with cach other, and finally to put
forth your problems. And don't be appalled if this man is a
colonel or a major and you're a lieutenant. Dr. Princi and Dr.Ashe,
Professor Hatch, Dr. Quigley, Dr. Milly,and all, are willing to
talk with you and they are Just as humn as you and 1, so don't
hesitate to ask them questions.

Again, Colonel Cole, thank you very much, and we'd appreciate
it if you would convey our sincere gatitude to General tandry.



THE USAF AEROSPACE MEDICINE PROGRAM

Brig Gen A. L. Jennings, MC
Office of the Surgeon General

Washington, D. C.

Environmental Medicine is ever assuming greater importance to the
Military services and particularly to the Air Force which is the
world's largest aircraft and missile organization. The Industrial
Hygiene Engineer is a vital partner to the Aerospace Physician in
this business of keeping our Air Force personnel healthfully
productive. It is important that you specialists in the evaluation
and control of man's working environment meet and discuss problems
of common interest and new advances in your field.

Changes have been needed to meet the newer challenges of missile and
space technology. This morning I would like to briefly apprise you
of the aerospace medicine organization within my Directorate of
Professional Services in the Surgeon General's Office. Later in the
program Colonel Grant will discuss more particularly the Preventive
and Occupational Medicine portion of our program.

Early last year the Aerospace Medicine Division was formed from
administratively separate activities within the Directorate of
Professional Services; namely, the Aviation Medicine Division, the

auclcar Mzcdicine Diviioln, the Preventive Medicine Division and the
Office of the Medical Research Advisor. The reorganization was
essential to the success of the Aerospace Meduldut Progrmn.
Improved coordination and guidance were provided for the accomplish-
ment of those medical efforts directly supporting human effective-
ness so essential to the accomplishment of the Air Force mission.
Cclonel Karl Houghton directs the division with Colonel Bill Marett
as his deputy. The division is composed of two branches, and each
branch a number of sections. The Preventive and Occupational
Medicine Branch consists of the Occupational Medicine, Public
Health, Engineering and Bionucleonics Sections. The Flight Medicine
and Research Requirements Branch is made up of the Aerospace Crew
Effectiveness, Aviation Physiology, Research Requirements Sections
and the Office of the Medical Research Advisor.

It is the mission of the Preventive and Occupational Medicine
Branch to insure adequate training and effective use of physicians
in Preventive Medicine, Occupational Medicine and Special Weapons
Defense, and Sanitary and Industrial Hygiene Engineers,
Entomologists and Preventive Medicine Technicians. These persons
give the Air Force the Medical capability to anticipate and control
environmental health problems and alao provide for medical defense
against CBE weapons.
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The branch is the office of priwary interest for 78 regulations,
pamphlets or manuals. With the assistance of knowledGeable medical
service personnel throughout the Air Force, these directives are
conztantly roviocd to maintain thoir curroncy. A notable regula-
tion just published is one dealing with medical support of aerospace
systems. In recognition of the importance of adequate medical input
into the development of aerospace systems, this regulation delineates
responsibilities within th, medical service for input into planning
documents required by the AFR 375 series regulations. Cooperation
with the medical departments of the Air Force contractors; as well as
between medical activities within the Air Force, has been emphasized.
Medical problems frequently handled by non-medical people by default in
the past will receive appropriate consideration by medical experts.
Staffing adjustments have be'n made to provide capability to meet
responsibility.

Lastly, personnel of the Preventive and Occupational Medicine Branch
represent the Surgeon General as a member of Department of Defense and
national boards and. committees all(rwng an exchange of ideas and at
times expert assistance on Air Force medical problems. The caliber
of professional persons in such organizations as the Armed Forces
Epidemiological Board and the National Research Council is outstanding.

It is the mission of the Flight Medicine and Research Requirements Branch
to monitc aerospace crew effectiveness program and career management
and utilization of flight surgeons. 'The branch also evaluates the
effect of new and proposed weapons and space systems on aerospace
medicine practice as well as participates in the planning and opera-
tional aspects of the National Space Program. B-70, X-15, Mercury,
Dyna Sopr mad Apollo are examples of such systems. A research docu-
ment libxray was established by the branch to support the monitorships
of biomedical research by the technical consultants within the
Directorate of Professional Services. The research documents are
processed for storage by means of automatic data processing equipment
which allows rapid retrieval of the valuable data contained in these
documents. Another important activity of the branch concerns monitor-
ing the physiological training and personal equipment support for all
flying personnel.

Of all the responsibilities of the Surgeon General's OfficeJ none
is gTreater than promoting the development of highly cooperative. well
motivated and effective medical service personnel. The training
value of a symposium such as this, with its excellent agenda and
authoritative speakers, is enormouso The opportunity afforded to
discuss mutual problems with friends and experts is both enjoyable
and stimulating. These symposiums will be a factor in influencing
younger engineer officers in their decision to make a career in the
Air Force. General Braswell, you and your staff are to be commended
for your efforts in initiating the symposium.
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Dr. Frank Princi
Kettering Laboratory, University of Cincinnati

I'm here this morning to tell you some of the things that we don't knoA,
and you'll have more definitive explanation of the things that we do
know as time goes on during the week, I'do regret that it will be
impossible for me to be here for the remainder of these sessions; however,
I am very happy to be able to be with you at this time. I should like
to discuss for you the entire field of industrial health from a rather
broad poipt of view, defining it as I understand it.

Because of this last phrase, you will be aware of the fact that many of
us probably understand it in many different ways. It would be extremely
nice if I could feel that my way is the best. It is no basic insecurity
that makes me feel otherwise, because I think I have sufficient self-
confidence to assert any of my own ideas without reservation, but I
make this statement because the entire field of industrial health is in
a dynamic state. It is a rapidly developing field. It is relatively
new, not only to you, but to all of us. Some of us here have had a
small part in the development of this field. Some of us have worked
on the fringes. Some of us have developed one concept and some another.
TbA bsir! "oncept har been the camc. Wc arc trying to prevwit doUhAL and
disease by the products of man's great effort to industrialize his
social community.

Many years ago an old philosopher said that man's existence was limited
by the accumulation of his own excreta, and this is what we are trying
to prevent. How we choose to do this makes an interesting study. I
said that this is a rapidly developing and new field, and it is because
prior to 1915 in the United States there was no such thing as industrial
health, and I say this with all due respect and regard to those early
men who did see in their patients some unfortunate consequences of ex-
posure to industrial ,vates or products. But there was no real concept.
This developed rather late in this country, and it would be gratifying
to me, as a physician, to be able to say that the medical profession in
the United States, seeing the generia. -ulation become ill because of
exposure to a number of noxious materiais, took thomselves in hand and
decided not only to study the problems, but to eliminate them. Such,
however, was not the case. The impetus to ;:idustrial health and to
industrial hygiene controls in the United States was given by the
Industrial Hygiene Engineers. Perhaps at that time they did not call
themselves industrial hygiene engineers, but noxie the less, this is
what they were. Again there can be very little equivocation on this
point. They saw the problems, and they trWe! to eliminate them.
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You men are in pretty much the same situation. You are seeing the
problems, and you are trying to eliminate them. It is interesting that
in contra-distinction to the great achievements of the sanitary engineers,
the industrial hygiene engineers could only limit the effects of the
environment and not control it entirely. And this has developed into a
somewhat different concept of environmental control. It is possible for
the sanitary engineer to eliminate typhoid fever in the United States.
In fact, he has done this, so a person who lives in this country and
doesn't move out of it need not be inoculated against typhoid fever. It
was possible, and continues to be possible, for the engineer to eliminate
malaria and a number of other diseases which are caused by disease vec',ors.

This is not true in the entire field of Industrial health. There is
probably no industrial illness that has been eliminated entirely. The
environment has been controlled, the effects of the various substances have
been attenuated, but elimination has never occurred until a material was
discarded completely or until something was substituted for it.

This brings me to the basic concepts of what we are talking about when
we talk about industrial health, industrial medicine or industrial hy-
giene. I didn't mean to disparage the physicians when I said that this
field was discovered by industrial hygienists, because fundamentally we
must agree that all health problems are medical problems and, without the
physicians to study the various persons who are exposed and to understand
their physiological reactions, we don't know whether this material pro-
diin.-a illnpq- in qn P.)Tn-posd popiOAtlnn. WP mlist, thaief'orp~hv R eo1-
tinuity of efforts and a cooperative attitude between both the discoverer
of the disease arid that person whose purpose it is either to control it
or to eliminate it.

Now I shall use the term industrial hygiene rather broadly this morning
to include those who are skilled in a knowledge of the environment and
its control in all its phases to include both radioactivity and chemical
analysis. You will forgive me for broadening the field to this extent,
but I feel that I must for purposes of time. The field of medicine is
a little simpler to define. The objective of the doctor is to discover
the disease, find its incidence, and 'attempt to control it, manage it,
or treat it. Doctors are peculiarly adapted to the discovery of disease,
because during four years of medical school that is what they are taught -
disease and its diagnosis. Unfortunately, however, the word "health" is
almost never mentioned, and this poses a serious problem, because in the
field of industrial health we pretend to maintain health, yet we have
been able to define neither health nor disease and as is my custom, I
should like to make an attempt to define both for you this morning. You
will understand that these are my own opinions, and they are developed
only from my own experiences, and since we are victims of our own ex-
periences, we become somewhat prejudiced in favor of our opinions.
However, since there is no definition for health, and since there has
been no definition for disease, particularly applicable to this field,
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it seems to me that we should know the objective before we attempt to
achieve it.

Health has been defined in a number of ways. It has been defined parti-
cularly as the absence of disease.* Well, thi.s is a fine definition
because disease was never defined. Health has been defined as the ab-
sence of disease, good emotional orientation, good sociological orienta-
tion, and so on. This is pretty broad, really having no meaning at all.
Well, I'll give you a simple definition of health - one that is over
2000 years old, and it was first stated by Socrates when he said, "Health
exists when man is in harmony with his environment." In other words,
there is no conflict between man and his environment. He is happy about
It, and nobody is unhappy with him. This means, by the way, that he may
have a headache, but if he is still happy$ he has health. He may have
one leg# but if he's happy, he has health.

Well then, having given you this simple minded concept of healt~h, I'd
like to give you a somewhat more complicated concept of disease, because
in this day and age we cannot accept clinical signs and symptoms alone
as disease. In facto one of the greatest dangers in our own field is
the very acceptan~ce of certain clinical signs and symptoms. I have a
book that I Am reviewing with somewhat great difficulty, because I would
like desperately to say something nice about it. It is entitled,
"Silicosis and Pneumoconioses in Sweden."I It is written by some very,
very nice people, and they have described a series of several thousand
X-rays and classified them, and the results of these X-rays represent to
them the incidents of silicosis and the pneumoconiosis. There are no
atmospheric studies; there is no indication that anybody was ever sick
or that anybody ever had a complaint. If we accept such a definition
of disease, don't you see the danger? Any clinical sign can then become
disease, just as it hasn't been too long ago - five or ten years ago -
if you had a blood cholesterol of 225, that wasn't so bad--nobody cared;
anyway# you didn't know about it. But if you have it todayl you're in
real trouble, or Merrell's wouldn't make so much money with that WE-29.
So we have to have a working definition, it seems to me - a simple defi-
nition, one that we can all understand and one that will be useful in de-
termining whether our study of the individual in an environment is
revealing to us the effects of absorption of noxious material.

The mare fact that the man says that he is sick or well does not consti-
tute disease. The mare fact that he does not have a heart murmur does
not constitute disease. In order to arrive at a definition, I found it
necessary to become a little more primitive than usual. Go back and
study the original organism, and what do we find? W~e find that all
biological organisms are defensive mechanisms because they live in a
hostile environment. I didn't invent this - there have been two great
books wr~itten on this. One is, "The Mirage of Health" by Rene Dubos,
and the other, "The Wisdom of the Body" by Walter P. Cannon. I think
both books are well worth reading by any layman. The organism is



defensive, and completely defensive, regardless of its biological
structure, regardless of whether it is an amoeba or a human. The
reason we have skin is to protect us from the environment. The reason
we have reactive blood vessels is to accommodate to heat and to cold.
The reason we have detoxification mechanisms is not to protect us
against carbon tetrachloride, but to protect us against the toxins
produced by the very food we eat. The reason we wear clothing is to
protect us from our environment Some of our clothing we wear for
good, solid physical reasons, and some of our clothing we wear for
psychological reasons. So they say the man who vears a four-in-hand
necktie is a nice, mild fellow, and the man that wears a bow-tie is
an aggressive individual, and the man who smokes a pipe is hiding
behind it.

Well, there may be more truth to this than we kniow. The point of the
fact is that everything we do is a defense against what we consider
biologically - not psychologically, but biologically - a hostile
enviroament. In other words, the biological mechanism is a reactive
mechanism. If it didn't react, nothing would happen, and when this
mechanism is in harmony, we have a state of health, because it is a
happy mechanism. The defenses are up and they are adequate.

Now again as I've said before, we are ai._ victims of our own
experiences, so we defend ourselves in different ways. It is only
the very, very primitive now who takes a gun and shoots his enemies.
We're much more civilized, as we don't have to do that. We don't even
call anybody names anymore; we damn him with faint praise. As
Alexander Pope says, "Teach others to sneer without appearing to
sneer at one's self." I vcould like to suggest to you that health,
therefore, is a state of equilibrium and that this equilibrium is
assaulted at all times by a great number of stimuli, that there is
response to every stimulant on the part of any physiological
mechanism. This is a continuous process; it doesn't happen once in a
while - it's happening all the time. There must be a level or an
area where no permanent injury occurs and where harmony still exists.
This is only a theory, but if it is true, then this is a state of
dynamic equilibrium. This is variable, but variable within certain
limits. This suggests to you, does it not, that health has a broad
range and indeed it does, because I doubt that here this morning we
are all in the same state if -physiological equilibrium. The fact is,
I am certain of it, but I will not go into details.

Ono other th ig comes out of this, however; if equilibrium ' list and
this develops, and this does not return to within the normal range, we

have disease, and perhaps it is chronic disease. We may have tissue
destruction; we may have an aberration of a physiological mechanism; we

may have anything, but we have lost our equilibrium. Equally important,
however, is the fact that we have a situation where the stimulus is too

great and has overcome the response; or the reverse could occur where
the response has become too great, and even in the absence of the stimulus,
we car, still have disease. And this happens. This happens not only with
industrial diseases - this happens even in infectious diseases. The best
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known example of this is, of course, tuberculosis where, having for all
practical purposes eliminated the viable acid fast bacillus, we nonethe-
less have an overgrowth of fibrous tissue which destroys equ•1lbriim that
we are now calling health. If this is true then, and I choose to think
that it is, this signifies that we must study not only the response of
the organism to a stimulus, but the range of that response, and that
within a certain range, health does indeed exist.

Now there are many ways in which we can do this, and there are many ways

in which we cannot do this. One of the ways is to study and understand
the organism and its physiological responses so we understand their signi-
ficance. The second way we do this is to study the environment, the
material in the environment, and understand its potentiality for producing
a stimulus. The first is called medical control, and the second is called
industrial hygiene control, and when both of these are effective, we have
what we are pleased to call a safe environment.

There are times, however, when one will be completely effective even in
the absence of help from the other. I think this in a very important
thing to understand. Optimally, we would like to think that the engineer
can contribute as much to the doctor as the doctor can contribute to the
understanding of the effects of the environment. This is not always the
case, because some of these materials pose problems that are extremely
difficult to assess or even to measure. A primary example of good engineer-
ing control has been the tremendous reduction in silicosis in the United
States. I didn't say elimination; I said reduction. I would like to go
off on a tangent just for a moment to demonstratc another point, which
brings up a very interesting fact in the study of disease. Most of the
persons in the world with far advanced silicosis do not live in the
United States. Most of the classical descriptions of silicosis were
written twenty and thirty years ago, when it was indeed a great hazard.
The current classical descriptions are being written in other countries,
and yet there is a great danger that, as physicians, we might apply these
descriptions to what we are seeing In this country where the exposure is
far less.

A good example of medical control in the absence of industrial hygiene
assistance is an odd one that you probably don't know about. But for
thirty-five years tetraethyl lead has been manufactured with practically
no complete understanding of how much tetraethyl lead that men breathe
while they are working. Despite this fact, however, by the proper
collection and e,-amination of both medical and laboratory data, the
physicians have been able to establish medical controls that have prac-
tically wiped out the incidence of tetraethyl lead intoxication in the
United States, so that now it only occurs by accident. As a matter of
fact, men working in tetraethyl plants who have worked there ten and
fifteen years sey they have never seen a case of tetraethyl lead in-
toxication. These are unusual instances, however. By and large, both
these fields are inter-dependeift, and in order that the greatest value



to occupational health may be developed, it is essential that the
industrial hygiene engineer know something about the problems of the
physician and vice versa. I do not mean to produce any more doctors
who talk like engineers and engineers whu Lalk like doeLors, because we
have enough of those. I would like to suggest that a clear understanding
of the problems encountered by the other fellow and a reasonable under-
standing of the field in which the other man works, will produce the
mutual cooperation that is essential, because there are some things that
are so inter-dependent as to allow no separation.

To get back to lead as an example, we know, or we think we know that the
signs and symptoms of lead intoxication are produced by the circulating
lead ion in the blood. But we know that the exposure to lead compounds
will produce different reactions, depending upon the chemistry of the
compound, so that a lead miner who works with lead sulfide and does not
absorb lead, does not have lead intoxication. A battery worker who
works with lead oxide does indeed have lead intoxication, and it is
manifested mostly by gastro-intestinal cramps, insomnia, constipation
and a series of other symptoms which we know and recognize well. We
rarely s;e peripheral neuritis any longer, although it does occur. We
also know that the level of lead in the blood will very nearly parallel
the course of the disease or signs and symptoms, and this is good,
useful information to have. We know that if the lead analysis is not
done Properly, we'll get everything wrong. But taking organic lead
compounds, we find a different complex of signs and symptoms. In the
first place, the man almost never has abdominal cramps. He doesn't
have peripheral neuritis, but this lead affects the central nervous
system directly. He becomes hyper-excitable, hyper-irritable, and
usually has convulsions. In fact, he may become maniacal, and frequently
does. And what is more interesting, is the fact that the level of lead
in the blood is of no help in making the diagnosis, but the level of lead
in the urine will very closely parallel the progress of the signs and.
symptoms - the same element, different compounds, different illnesses,
different control measures. This we know abou*. It certainly happens
with other materials, but it isn't just the chenzistry of the compound,
but it is also the physical state of the compound.

Let me give you another example. Cadmium oxide is an easily defined
material and easily defined compound. When it exists in the form of
a fume, it produces a chemical pneumonitis, pulmonaryj edema, and usually
death. Its action is so fast and culminating as to produce practically
nothing else. Cadmium oxide, however, is not only a fume. Cadmium
oxide exists when finely divided cadmium is dispersed in the air and
becomes oxidized, and it becomes oxidized very readily. When it becomes
absorbed, it results in the excretion of low, molecular weight proteins,
lower nephron nephroals, and sometimes a marked degree of emphysema,
depending upon the size of the particulate matter, and it's still cadmium
oxide. But cadmium oxide is also a red pigment - one of the best known
and enduring of the red pigments. This is rapidly absorbed and rapidly



excreted and tremendous amounts of this material may be absorbed and
excreted without any significant clinical signs or symptoms.

I hope I have been able to show you the inter-dependenve of all the
specialists who work in the field of industrial health. I'm trying
to say this simply without any scientific terms such as parameter.
and these days you can't write a paper -without writing in the word
parameter. I looked it up three times and couldn't understand the
definition, so I gave it up. To make it somewhat scientific, you have
to use the word.

I would like to spend Just a moment on this question of team concept.
We're great people for teams in the United States, and if I've heard
the word team used, it's in the field of industrial health. Everybody
says we work as a team; we do the work that has to be done as a team,
or they work as a team. It gives me the great and glorious impression
that a team is Just a bunch of nice boys who get together and see that
something has to be moved, ftd they all put their shoulders to it and
they move with equal effort. That's a lot of nonsenser I was turious
about a team one day, and I looked up the word "team" and found out the
word "team" began way back in the early days of the Anglo Saxcn Empire
when the use of horses was first developed for carrying burdens. The
man who invented the word tied it strictly to horses, and he studied
this business, and this is more than what we do today. He found out
there was an optimum number on a team. Too many were no good, and too
few were no good. He found out, for example, that four horses were
better than two, and six horses were better than four, but eight
horses were not better than six, and twelve horses were completely un-manageable. So a team means specifically six horses. It also means
something else. It means specialized horses. Most of you who are old
and gray will remember the old dray horses. They had a team, a six-
horse team, and the first two were called the lead horses, and they
couldn't pull worth a damn, but they knew where to go. And the next
two were called swing horses and they could pull, but they could also
follow. And the last two were called wheel horses, because all they
could do was pull; they didn't have any idea how to follow or lead.
That means that in this team, and this is a highly successful team
by the way, you need specialists, but you need direction; you need
somebody whose shoulders may not be as broad or as great, but who
knows where to go.

There are too many problems in this particular field of occupational
health, or environmental health as we may call it, that are not really

.what they appear to be, and unless someone gives them direction, the
whole team is lost, I'm afraid. I read a report the other day, and now
you know from industrial health we go into environmental health and air
pollution, if you'll pardon the expression. The report was by a group
of great physicians and engineers, and I'm happy to give you the state-
ment of this group, because it involves both physicians and engineers,
men highly respected in a number of societies. Their conclusion, after
studying the entire air pollution problem in the United States was,
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"We don't know what pollutes the air; we don't know whether disease or
illness occurs, but we must do something about it before it is too late."

Gentlemon, I don't know whid. Lhty are talking about. In other words,
let's solve the problem regardless of what the problem is! This is what
we're going to do. I would like to suggest that we spend our time looking
at the obvious and try to find out what we really see, and see if it is
there, and not employ our prejudices in trying to arrive at solutions.

In conclusion, I would like to tell you a little story I tell my classes
when I try to impress them with the idea of seeing the obvious. It goes
lLke this: "If she calls you to her bedroom in the middle of the night,
and through her half-closed eyelids you detect a telltale light, if her
bosom heaves tumu3.tously like the wave upon the ocean, and her breath
comes short and gaspingly, betraying her emotion, if she looks at you
imploringly as you hold her trembling hand to alleviate her suffering
the tortures of the damned -- that's asthma."
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ENGINEERS IN OCCUPATIONAL HEALTH

Prof. Theodore F. Hatch
Professor of Graduate Schooi of Public Health

University of Pittsburgh

I don't have any particular reason for telling this little story
1 read the other day. But I'm going to tell it anyway, as it
may have some connection with what I'm going to say It has to do
with a very imaginative man on the staff of the New York Times
who received a child's book for review. It occurred to him that
the best person to review a child's book would be a child, so
this book was sent to a nine year old boy for review. The child
sent his review in with this concluding sentence: "This book on
penguins contains a lot more information about the penguins than
I am interested in."

My associate, Dr. Kammer, was talking at one of our seminars the
other day on the stubJect of "Team." He said, with deep feeling,
"If there is one word I detest, it's this word 'team' for the
very reason that there's an implication that, somehow or other,
great things will come from bringing together in one office a
group of people representing various disciplines or professions
which seem logically to have something to offer to the unfolding
and the understanding of a problem "

I think we do, indeed, make a great deal of the point of the
necessity for crossing disciplines and bringing various
professions together in our field of Occupational Health. I
think if we look back, particularly and most specifically in this
country, we see that the idea of a "team" is something that
emerged logically out of the unfolding of the problems with the
kind of leaders that Dr Princi was mentioning, and that after
the work was all over somebody observed that they had a team.
But the team had emerged logically, and I might go a little
further than Dr. Princl did in emphasizing the matter of inter-
relationship between the several disciplines and professions
involved, to suggest that in the successful development of this
approach we have almost come to the point where any one member of
the group is no longer able to identify what he is doing in
connection with the problems in the parent field from which he
came As I look back and read some of the other Public Health
Servioe studies on the health of the workers in the dusty trades,
I think that you can see that those doctors were thinking more
abr.ut problems that were outside of what other doctors would call
medicine. Similarly, the engineers the geologists, the chemists
and the statisticians, have lost their identities in terms of
their basic professions and have become completely immersed in
this central problem.
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We have to have some word for it, and I suppose "team" is as good
as any other, but I agree with Dr. Kammer that the need for the
team and the nature of the team and how it develops must come
from a concentraLed effort in the studying of a problem. You
don't get a doctor, a chemist, an engineer, and a statistician,
etc., put them together and then automatically, as a consequence
of that, have a team due to the fact tlat they are in the same
office, sharing desks. I'd like also to expand on this a little
bit for further emphasis of this point, and I think I'd like to
express the saying a little differently, graphically speaking.

Dr. Princi said that no one has adequately defined health or
disease, but I suspect that there is need for a definition of
something between these two. For lack of a better term I have
called it "impairment," a departure from health ̀  a basic
underlying disturbance of this balance that Dr. Princi was
speaking of, to distinguish clearly between underlying and
impairment and disability, or disease (Figure 2).

We all go by some route or other in the course of a lifetime and
the path that we take depends on the kind of stresses that we
encounter in our environment and our inherent capacities for
dealing with these stresses. We may follow various pathways
but in general I suggest that we follow a path that is pretty
well characterized, the point being that we move down the scale
in the course of living, a considerable fraction of the total
distances with minimum movement up this scale, but beyond such
a critical point in our life's history, further increments on
this basic scale result in rapidly increasing increments of

breakdown of the system on this scale.

In the area of health defined by Dr Princi, Socrates, and more
recently Dr Kammer not only do we quite adequately deal with the
stimuli of the environment, but I think we have to hAve these
stimuli. To enjoy complete health, we've got to be subjected to
such disturbances in order that our mechanism for dealing with
them can be kept in good shape and we are provided with various
compensatory mechanisms which enable us to deal with further
impairment along this line.

Outside of this normal period of adjustment, by drawing on these
compensatory mechanisms, we can limit the consequences in terms
of the overall physiological welfare, despite the advancement
along this scale of impairment I suggest further that on the
relationships that Dr. Princi spoke of, we have very successfu'.ly
built our whole field of Occupational Health (Figure 1). That is
to say, we have demonstrated relationships between one kind and
another, in one degree of magnitude or another, of environmental
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and the response in man, and that these relationships have been
established by relating events to environmental stress. Some of
the eawliest rolationships between stress and response in man were
measured, as far as the response was concerned, by counting the
number of dead people, or dead animals in the laboratory. We've
moved largelyc away from that, but if you look at the epidemiological
evidence in literature, there's a relationship between the
defineable medical status of disease said the underlying stress
factor.' Now, in terms of acute disturbances on which we have
built most of our security, it's evidently all right, since we've
made practical use of these relationships. But I suggest that
even these relationships were not truly fundamental because the
time relationship between exposure and terminal response was so
short. I suggest that what is happening is a consequence of the
successful controls that have been applied. Take silicosis as an
example. Without being full aware of it, we have pretty largely
run out of the nourishment which can come from a study of this
area. As an engineer, this disturbs me a great deal. While we,
as engineers, would recognize that the doctors don't always know
what they are talking about, they nonetheless have a certain
favorable position that we don't enjoy. They presume to know
something about man. The engineer, the chemist, the physical
scientist, obviously out of past experience and education has no
reason whatsoever to have any independent ideas about man, even
though he is one himself. This disturbs me because as physical
scientists or engineers we have no place in this field of
Occupational Health, unless we can demonstrate to ourselves and
to our own professional colleagues and to the others in this
"team" that we, by virtue of certain capacities for identifying
and measuring factors in the environment, can thereby make
useful predictions as to what's going to happen to a man.

This is a little lecture I give my students every year. I know
of no physical measurement that can ever be made in the
environment that automatically tells you what will happen to a
man in that environment. Now, having said that to non-medical
people, I then turn to my medical students and point out to
them that there is no diagnostic technique that will automatically
tell them that, because they find a certain disturbance, it was
caused by something in the environment. Even a very specific,
diagnostic finding would not tell you this until somebody had
first done some research and said it was, in effect, related to
something in the environment. So it works both ways.

At any rate, as far as I am concerned, all our efforts for
security and all medical proof of security, rests upon the reality
of highly specific relationship between stress and strain;
stress as identified and measured in the environment, and strain
as identified and measured in terms of response. And we have enjoyed
that security out of the correlations that have come from
measuring response in this matter. I am suggesting as a scientist
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that some of those r~elationships were not as real as the high
correlation coefficient would suggest, but that the real relation-
ship is between the stress of the enviromnlent.aRn• an alteration on
this scale rather than on this one.

I think that a beautiful illustration of this would be the right
heart failure of a coal miner. Breathing coal dust didn't do any
harm to his heart; on the contrary, the reason he died of a right
heart failure is because he had a go•x heart. The terminal fate
was something brought about in consequence of his being a coal
miner, but there was no one-for-one correlation between the exposure
to the dust and what happened to his heart. I presume another man
could go in another direction and could fail in some other basic
part of his total phkvsiological structure. So I believe as we
progress in our a~ccomplishmnents, reducing more and. more the
obvious relationships, we inevitably are confronted with a
necessity for some of the adequate measurements along this scale;
secondly, developing some appropriate basis for interpreting
such fine Doints; but more pearticularly finding ways to measure along
this scale for purposes of correlating with measurements on the
env ironment.

I'd like to go back into the typhoid fever days that Dr. Princi
spoke of to recall another book which you ought to read some time.
It is a book called "Typhoid Fever" written at the turn of the
century by my old professor at the College, U. C1. M.•pple. In
this book is what is known as the "watermelon diagraiii. It is one
of the most remarkable diagrams that I can think of. Really, the
whole book is portrayed in this simple diagram. Here is an
individual with typhoid fever. Here is a susceptible individual
somewhere within a time-space contact with this source of
infection. To deal successfully with the problem of preventing
the spread of the disease from the source to the potential victims,
we Ymust identify the causative agent, the typhoid. bacillus; we
must identify the way in -which it gets out of thiu reservoir,
through the feces, etc. We must identify the pathways throug~h which
this causative agent can travel and move from the source to the
potential victims, and if we have a deep enough understanding of
the nature of this causative agents, it;ý magnitude, its means of
moving out from its center, then we can construct significant
barriers around the individual to prevent or minimize the likelihood
of the force getting to. the critical cycle within the potential,
victim. The history of typhoid fever in this country is a
magnificent demonstration of the reality of all this.

The history of the successes we have enjoyed in the Occupational
Health Field, although they have not been quite so com~plete as
Dr. Princi suggested they have for t~rphoid fever, we have been able
-to identify and give significant, quantitative meaning to the
etiology of occupational health and. occupational disease.
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It means nothing to say that carbon monoxide causes a particular form
of physiological disturbance. It doesn't, as a matter of fact, under
some circumstances. One of the largest users of lead in this country
doesn't have, and never did have, any problems with lead intoxication
because the circumstances under which this potentially toxic substance
is employed are such that the chemical Just doesn't get out into the
environment.

The first epidemiological study in which I ever got involved had to do
with typhoid fever back in the middle twenties when the problem was
already sharply on the down scale and it became possible, therefore, to
do some differential epidemiology. The study had to do with the
following question: In a given total population within the state of
Tennessee, what would be the relative risk of becoming a victim of
typhoid fever if you lived in a community of a given size? Results
of the study were very intriguing and indicated that if you wished not
to get typhoid fever in Tennessee at that time, the best place to live
was in one of the larger cities; the second best place to live would
be completely out in the country; if you wanted to get typhoid fever,
the place to live would be in a community of about 1500.

The significance is this: in the rural situation, distance was a
significant factor and the opportunities for comnon avenues of contact
were so relatively few that, despite the lack of any real sanitary
control, there was very little likelihood that the organisms would
move from place to place.

Now, as population concentration increases, distances shorten and a
point is reached where there must be a common milk supply, a common
water supply, etc. The opportunity for the establishment of avenues
increases, but if the popul3.tion is large enough it becomes strong
enough as a social and economic unit to afford all the necessary
protective measures. So the neglected population at the time of the
study was the Group that was too big to be rural and too small to be
urban. Here again we have an ilaustration of how the sharpness of
success depends upon the sharpness with which the etiology and
etiological relationship can be established.

I'd like to go back to "team" a moment to suggest further that
we ought to keep sharply in mind something which is deeper than the
notion of having a group of people working together. I suggest
that it is absolutely essential to have these either by bringing
many people together or finding them all in one person, because the
doctor cannot fully understand his part of the problem without relating
it and indeed modifying some of his medical thinking in the light of this
man-enviromment situation. Similarly, on the environmental side,
it is impossible to establish the most refined kind of physical
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measurements necessary to get the right answer, unless there is a
real understanding of the point that when we engage in making
a very profound intellectual co.mmitment -- that, somehow or other
what we are guing to get by using a series of physical instruments
and measurement procedures islin some proper way, a significant
substitute for a man.

I remember going on a mission to the Atomic Energy Commission
a few years ago and I think I visited every AEC installation in
the country. In the course of my travels I went to one
laboratory where I met a young man who showed me, with justifiable
pride, what he had recently been doing in the way of refining an
instrument. What he had done was an intellectually high level
piece of wovk in physics and I am sure would make a very good
paper for the American Physics Society. He was properly very
proud of it and I certainly didn't have the heart to tell him
that the reason I was there was that I was carrjing on an
inquiry .,s to whether tr.is measurement should be made at all or
not, regardless of how precisely it might be made. It did, in
fact, reflect in some way - not a physical event, but a
biological event, so I was stopped at this point.

Speaking particularly to those of us who come to this field from
the physical sciences and engineering, our whole intellectual
and professional security depends upon the reality of these
relationships and upon the success with which we have devised
physical procedures for assessing the environment, not for the
purpose of finding out what there is in the environment, but for
the purpose of making meaningful predictions as to what could
happen to a man if he is there in place of the instrument.

In closing, may I again suggest this works the other wayf, also.
The understanding on the man's side requires similar recognition
of the environment. But I'm speaking particularly to my own
group, and I would like to emphasize this point, especially -

don't fall in love with your beautiful instruments. Indeed,
they are getting prettier and prettier as the years go by, but
no matter how pretty they are, they will never provide what we
are after unless they have been calibrated biologically rather
than physically.
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REVIEW OF NITROGEN T]EIJROXIDE EXPOSURE IN A MISSILE INDUSTRY

F. J. Clancy, M. D., 8. L. Watson, M. D., John B. Reardan, M. D.

Speaker:
P. J. Clancy, M. D., Medical Director, Aerojet General Corporation

Sacramento, California

Many authors have speculated about the appearance of lung disease caused
by oxides of nitrogen which does not cortain nitric oxide. Our search
for an instantly ready, extremely powerful, fuel system for liquid
propelled missiles has provided an opportunity to study lung disease
caused by Oxides of' nitrogen deficient in nitric oxide.

We manufacture and teqt the Titan Intercontinental Ballistic Missile's
power plants. The oxidizer used in these engines is Nitrogen Tetroxide.
It is a heavy red-brown liquid which consists of nitrogen dioxide and
din1trogen tetroxide with less than 0.1% water present. Since 1959 we
have fired over 30 million pounds of this material. Fifteen million
pounds of other storable oxidizers and fuels have been used since 1951.
4e have had three gas emergencies occur which were connected with the
handling of Nitrogen Tetroxide. There have been possible exposures
to twenty-two people in these three emergencies. Two cases of lower
respiratory tract disease developed. There have been no fatalities,
and disability has been temporary in nature.

Our ope•rtions are conducted out of doors, or in buildings not designed
to protect people from the elements. Therefore, the wind is blowing
in one direction or another almost all of the time. Our only scheduling
parameter for storable testing is the availability of hardware. The
r.urber of employees, in a given area at the time of an upwind test
using Nitrogen Tetroxide, is determined by the number of high capacity
ammonia absorbing cannister masks and Scott Air Packs available in the
area. Gas emergency drills are unscheduled and occur at least once a
week in all areas. They are carefully monitored by the Test Area
Safety Engineer and supervisors, These procedures are too detailed to
be explained at this time, but are available on request. They were
developed as a direct result of a gas emergency which occurred on the
night of January 20, 1960.

Description of the Incident:

Sixteen people were working down-wind a valve test operation, when a
five inch line broke and spilled about two hundred gallons of Nitrogen
Tetroxide onto the floor. The evolving gas was carried by a fifteen
mile an hour wind to an adjacent work area and exposed these men from
one to two minutes. The man most seriously ill was a thirty-four old
Instrumentation Technician who was working below ground level at the
time of the exposure. He thought a power failure had occurred as the
lights went out; then he smelled a strange odor, thought it was in the
vaives he was working on and climbed out of the hole to see that

-21-



the lights were still on but were obscured by a brown cloud. At this
point he began to cough and continued to do so for many weeks there-
after. The other men in the area wore leavina, and he 7an to the
control room (about 250 feet) where he had to sit down. Two other men
caught him under the arms and helped him to the area Uuard shack
(another 500 feet). There he was placed in a station wagon at which
point he lost consciousness.

Clinical Course:

It is not more than a nirnety second trip to the Aid Station. On
arrival, there the man was apneic and cyanotic. He was placed on
oxygen and given artificial respiration. As soon as it was discon-
tinued, he would turn blue. By this time the nurse had several others
with paroxysms of coughing standing in the station. She broke an
ammonia ampule and put it under the oxygen mask. This stimulated res-
piration long enough for her to get the others on oxygen.

Within forty minutes of the exposure vital signs stabilized, and he
was taken out for a chest X-ray, physical examination, and lab work.
The X-ray and lab work were negative. At the aid station his pulse had
been 1C2 and thready with a blood pressure of 90/60. Respirations
were questionable. The doctor's examination fifty-five minutes later
showed.a blood pressure of lC8/74. The patient was extremely agitated,
hyper-ventilated, coughed intermittently, and had shaking chills. He
was conscious, alert, and cooperative. After the examination, he was
comfortable, relaxed,. in good spirits, and seemingly in no distress.
Two hours after the exposure he was complaining of chest pain, extreme
dizziness, and had a dry hacking cough. Five hours after the incident
he was hospitalized. Chest X-ray at that time was negative. He was
hyper-ventilating, had an intermittent. hacking cough, and was complain-
ing of numbness of The arms and legs and a slight discomfort across
the chest. His pulse was 75; blood pressure 120/75. Respirations
were irregular at 24.

Chest X-ray some nineteen hours after the exposure showed a diffuse,
disseminated, and generalized nodular density throughout the lung
parenchyma. The second day following exposure there had been some
extension of the process. However on the third day after the exposure
his symptoms were somewhat improved. lie was afebrile and anxious to
go home. Vital signs had returned to his previous normals, and he was
discharged.. Hospital laboratory work on the first day following the
exposure was w'ithbin normal limits except for some polymorphonuclear
leucocytes in the urine. Two days after the exposure the white couit
had risen to thirteen thousand with a normal differontial. The sed:1-
mentation rate remained at 4 millimeters an hour throughout his
hospital stay. The patient was seen approximately every othor day
following discharge from the hospital arid continued to irra 'ov'ý.
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He returned to work eight days after the exposure and did light work.
However, deep inspirations triggered paroxysms of coughing, and he
had exertional dyspnea, X-rays wnrA taken throughoit this pnviod and
were interpreted as normal. Due to the psychological make-up of the
individual, not too much emphasis was placed on his complaints, al-
though he was observed frequently.

Follow-Up:

One month after the exposure the patient complained of a twenty-four
pound weight loss, some shortness of breath, and chest pain with
occasional raising of blood-tinged sputum. Bis temperature was 99.8.
Physical examination was not remarkable. He was sent home to bed on
steam inhalations and temperatures twice a day. His temperature fluc-
tuated from normal to 103 during the following six days, but whenever
he was examined by a physician his temperature was in the normal range,
and he was asymptomatic. Chest X-ray on the 23 of February showed a
questionable fine density in the parenchyma. After three more days
of normal physical examinations with abnormal temperatures and symptoms
in the evenings, the patient was rehospitalized. He was in acute dis-
tress. Moving about on the bed caused severe paroxysms of coughing.
His temperature was 99.4, pulse rate 110, respirations 40/min, blood
pressure was normal. The lungs were hyperresonant with marked irregu-
larity in breath sounds, inconstant wheezes, rales and rhonhbi.Urinalysis showed a trace of acetone. sedientation rate was 41

millimeters per hour, cold agglutinins were negative. White count
was 16,0CG, 74% of which were polys. The ohe•t X-ray showed definite
fine nodular densities.

He was somewhat calmer in the hospital, but his symptomis persisted,
and on March 1, 40 days after the exposure, he was given 80 units of
ACTH intravenously and put oý, Iexamethasone 2.5 mgm. t.i.d. with an
ulcer diet. His symptoms changed markedly. Breathing was much better
although rales did persist. Forty-eight hours after therapy was
started, the X-ray improvedjin that there was a slight but definite
decroase in the size of the nodules.

He was discharged on the 13th of March on a reduced dosage of Dexa-
methasone. by April 4, he was deemed able to perform light work, but
the Test Area did not feel that it was good advertising to have the
man carrying a cannister mask at all times so he remained at home
until the 21st of April, three months after the injury. By this time
escape masks had beer. locat•:•l throughout the test area, and it was no
longer deemed neceoary for him to carry a personal mask.

On the 20th of April the •mrdio-rcspiratory laboratory of the Univer-
sity of California, "'r Frarci-,o, reported that his lung function was
within noilmr:al limits. He Lad rcý work intolerance at this time. In
September I6:C he did have tucoiA:i d:riving his auto over the top of the
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Sierra Nevadas because of shortness of breath, but has not been
bothered since.

There ras sporadic co.ughing throughout the night from the fifteen men
under observation, but it subsided by morning except in the man who
had been on the third level of the test stand. He had noted the lights
turn yellow and saw men leaving the area so he went downstairs. He
began to cough on the first level. He was having paroxysms of coughing
and complained of dizziness and an irritated throat on arrival at the
dispensary. At 11:30 P.M. he ate a sandwich and had prompt emesis,
At 2:15 A.M. he complained of headache; at 3:00 A.M. he was coughing
frequently. At 6:30 A.M. his temperature was 100.4. He had a sore
throat, his chest was clear, and he was able to eat. He was sent
home to return if necessary or at the start of the next day's shift.

At 11:00 in the morning he called and stated that he was very ill and
could hardly breathe. He was brought in by ambulance, coughing con-
tinously, not cyanotic. His pulse varied from 92 to 104. His tempera-
ture was 102, and his respirations varied from 48 to 60 per minute.
On oxygen his respiration regulated at 48. He had a few very fine
rales in the right base, otherwise physical examination was not remark-
able. Chest X-ray done at this time (eighteen hours after exposure)
showed diffuse disseminated generalized nodular densities in the lung
parenchyma. He was hospitalized that afternoon. His white blood count
was 18,000 with a marked left shift and a normal sedimentation rate.
lie was most ill 36 hours after the exposure,

Two and a half days after exposure the lungs were clear, and the chest
X-ray showed some improvement. Five days after exposure, there was
marked improvement. No X-ray change was noted then until the 9th day
at which time the patient had a normal physical examination and a
normal chest X-ray. Pulmonary function studies performed two weeks
later were normal. He has remained asymptomatic since that time.

The other fourteen individuals were asymptomatlc 24 hours after
exposure, and their chest X-rays were normal and remained so.

Our subsequent two gas emergencies have resulted in no exposures to
N2 04 . The alarms were sounded at the time of the gas release, and it
was possible for down-wind personnel to don their cannister masks and
begin evacuation of the area before the oxide cloud arrived.

Several things are pointed up by our experience. The men exposed were
relatively close together and probably received relatively similar
exposures. Yet only two clinical cases of lower respiratory tract
disease appeared, indicating the variability of response so often
noted previously. Early oxygen by mask rather rapidly alleviated much
of the discomfort and apprehension. The patients should be kept under
observation for 24 hours. Steroid therapy does reverse the fibrotic
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stage of the disease. If we can get another case with a normal
sedementation rate and cold agglutinins we will treat the acute diseasein the same way°

A personal communication from Dr. John Preston indicates that used on
acute cases from a munitions plant the symptoms subsided quite promptly.

There is a great advantage possessed by people using Nitrogen Tetroxide
in missile operations. They know at all times what they're handling.
It is easy to demonstrate what the material looks like and smells like
in air and to point out to them the necessity of performing their
work with care. With proper training and close attention to the de-
tails of safe handling, the material should be no more dangerous than
any other materials handled in industry.

There are several products on the market or in design which are aimed
at continuously sampling for low concentrations of the oxides of
nitrogen. Some of them are complicated; some of them are simple, but
at the present time none of them work. It should be stressed that when
development has reached a point where there is reliability in these
systems, they should be used only as a back-up or, as an alert to in-
dicate an area where a suspicious concentration of oxides of nitrogen
is located. A man may then examine the questionable area.

Hunter D-. Diseases of Occupations
Page 608 to 612-1955
Little Brown & Company

Aerojet General Corporation
Report number L.R.P. 198
Section 3 and 7

1960

Health Hazards of Military Chemicals
Nitric Acids and Oxides of Nitrogen
U. S. Army Chemical Warfare Laboratory
1959

Advisory Center on Toxicology
Oxides of Nitrogen
Report #114
National Academy of Sciences-National
Research Council
1961

We have used unsymmetrical dimethylhydrazine as a propellant for many
years, and since January of 1956 we have encountered no problems in the
use of the material. As with our other propellants most of the work
is done out of doors, and therefore, exposures are limited in duration.
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Sinoe 1956, the substrate for UDMH, which is very damaging to the
liver and kidney, has not been a uontaminant in the material, arid
no difficulty has been experienced. Chir people who work with
UDMH1have been examined in our clinical laboratory every six months,
and no cases of liver or kidney disease have been discovered which
could be attributed to handling the material. We at present use
UDMH almost exclusively in a 50/50 mixture with hydrazine. This
material is trademarked as Aerozene 50. It is a much safer
compound to handle than hydrazine alone. The vapor phase consists
of 92% UDMH with its very strong dead fish odor and only 8%
hydrazine which is much less noticeable. We have had some burns
of the skin due to hydrazine being in contact with the cutis, but
not with UDMH which is readily soluble in water and washes off
quite easily.

In general, toxicity problems in our plant have been confined to
our research laboratories.

Our greatest potential hazard is in bulk fuel handling. In the
case of the solid motors it is at the point where the raw
materials are received, weighed and added to the mixer. From this
point we are dealing with an homogenous mass whose cohesive
properties prevent much in the way of loss of' material. Engines
using liquid fuels present no unusual industrial toxicological
problems until they are ready to be test fired.

Considerable interest has been developed in recent months in an
effort to determine the combustion products from firing rocket
engines. The combustion products of a normal firing at a military
base should be of little concern since the missile being fired
would only momentarily be in the neighborhood. Even at static
test stands, normal combustion products are of minor interest, since
even under the worst condition of inversion and with tons of water
being sprayed into the flame to protect the steel structure of the
stand, the cloud rises rather than hangs on the ground. The cloud
quickly rises to a high altitude and will dilute due to convexion
currents within the cloud. If, to complete the knowledge of
missile fuel toxicology, the Air Force is interested in
determining the identity and composition of combustion products, i.t
is recommended that this be done at static test stands where the
opportunity presents itself to collect a good sample, and that
further investigation be conducted in a laboratory on combustion
products produced under the less optimum conditions that would
exist in a missile malfunction.
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OPERATIONAL SURVEY CF A BOMARC SITE

Mr. EdwUrd W. POth
Environmental Health Laboratory, Kelly AFB, Texas

In the fall of 1959, the first of a series of Bomarc Missile Bases
was placed on operational status. The initial Bomarc Missile was
designated IM-99A. This surface to air interceptor missile is an
expendable, pilotless aircraft designed for high altitude, super-
sonic flight. After vertical launch by a boost rocket engine, it
is propelled through cruise and dive by twin ramjet engines.
Guidance is provided by preset programmed command signals during
climb, by ground command signals during cruise, and by homing
radar signals during the dive and terminal phases of flight.

A Bomarc launch site will ordinarily consist of a launch area and
a missile support area. The on-base Bomarc site receives such
additional support as may be required fromi the host base.
Ordinarily off-base Bomarc units will be satellited upon a nearby
Air Force base for similar support.

Medical support for these sites is likewise supplied by the host
base. Just prior to the activation of the first Bomarc site a
staff visit was conducted by medical service personnel attached
to Headquarters, Eastern Air Defense Force. The questions posed
by this group instigated the initial preventive medicine survey made
by the Air Force Medical Service for this type of weapons systems.

Some of the questions asked were as follows:

1. In what areas were health hazards to be expected?
What was the nature of the hazard and how was it
to be controlled?

2. What was the composition of the exhaust gases of
the rocket engines? What was the extent of
diffusion of these gases and what was the hazard
to personnel resulting from exposure to the exhaust
gases?

3. What meteorological aspects were involved in the
health hazards to be expected?

4. What type of instrumentation was needed to detect the
air contaminants resulting from a Bomarc site
operation?
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The answers to these questions were not easy, for there was no
precedence for them, nor had any medical implication with regard
to operation been considered while Lth wewpons system was being
conceived and built. In order for you to understand the type of
problems involved, it is necessary to describe a Bomarc site
briefly and enumerate the chemicals used to operate and service
the weapons system. As mentioned before, the Bomarc site consists
of two main divisions - the launch area and the support area.

The launch area is the largest area of the IM-99A base and it
reqaires the greatest degree of security. This area contains the
missile launching shelters with the missiles in a "ready storage"
condition, security facilities, air munitions storage, and one or
more compressor buildings.

The Model II Launcher Shelter, t,'pical of an IM-99A base and
installation, is a single story structural steel and concrete
masonry structure housing one missile. The large double doors
open for launching and to permit ground handling of the missile
into or out of the shelter. The roof of the shelter consists of
two longitudinally-divided sections which slide open when the
missile is to be launched. The shelter is air conditioned and con-
tains equipment rooms necessary for maintaining the missile in a
ready-storage condition.

The compressor building houses high pressure and low pressure
air compressors, a helium compressor, and compressor control
panels. The compressor building electrical substation provides
transformers and switch gear for distribution of electrical power
from the heat and power building to the compressor equipment and
to the launcher shelter. Compressed air and helium are delivered
by pressure lines to each of the lawuncher shelters.

A system of roads within the launch area provides access to the
launcher shelters, air munitions storage, and connects the launch
area with the missile support area. The launch area is completely
enclosed by a security fence equipped with an intrusion alarm
system. Violation of the fence is automatically reported to the
security control and fire station located within the missile
support area.

The missile support area, located adjacent to the launch area, is
also enclosed by a security fence. Within this area are located
the heat and power building, the assembly and maintenance (A & M)
shop, the squadron operations center (located within the A & M
building), and propellant fuel and decontamination facility, the
fire station and security control building, and the weapon support
equipment shop.
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The heat aud power building contains equipment for generating hot
water for base heating and chilled water required for air condition-
ing and missile aosu .ouliug during "ready-storage" and "warm-up".
conditions.

The A&M shop contains the equipment required for the assembly,
operational testing, and servicing of newly received, recycled, or
mal-functioning missiles.

In addition to the main shop area are the major assembly test sets
(MATS) area, the battery storage and testing rooms, and the ramjet
engine testing and storage area. Other A&M shop areas provide for
parts storage, service checkout equipment (SCE),. mobile inspection
vans, air and electrical equipment, office, spaces, and the
squadron operations center. Spare missiles are stored in an A&M
shop before transfer to the launch area whenever a missile is re-
moved from a launcher shelter for recycling.

The propellant acid facility is the storage area for inhibited
red fuming nitric acid (IRFNA) to be used in the Bomarc IM-99A.
The IRFNA is dispensed to tank trailers which are moved to the
launcher shelter where it is transferred into the missile. Pro-
pellant acid removed from a missile in the launcher shelter is
transferred to a mobile trailer which is then moved from the laurich
area to the propellant acid facility. The acid is tested and stored
if reusable: otherwise, it is stored for later disposal.

The propellant fuel facility is the storage area for JP-X Fuel,
80Octane fuel and Aniline Furfuryl Alcohol (ANFA) used in the
missile. This area also includes decontamination equipment. Fuel
is received from transport trucks and stored in underqround tarks
and appropriate fuel is then pumped into JP-X or 80-Octane mobile
trailers at. the service area of the facility. Mobile trailers are
then towed into the launch area to service the missile in the
launcher shelter. Missiles that are to be subjected to a periodic
recycle are defueled at the launcher shelter and towed to the
propellant fuel and decontamination facility for decontamination.
Decontamination equipment installed at this facility is used for
purging the IRFNA, JP-X, and the 80-Octane fuel systems of the
missile.

In addition to buildings and weapon control and support equip-
ment described above, the typical IM-99A base has extensive
communication and alarm systems. They consist of telephones
(PBX, PAX); public address system; teletype system; launcher status
circuit; missile status circuit; pre-launch command circuit; GAT
(Ground-To-1Air Transmitter) monitor circuit; digital data circuitry;
compressor house monitor circuit; intrusion alarm circuit (pre-
viously mentioned); personnel alert system; and a fire alarm system.
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Each system or circuit is essential to complete operational con-
trol.

Physically detached from the base, but an essential part of the
weapons system is the GAT (Ground to AIr Transmitter). GAT re-
ceives control signals from SAGE (semi-automatic ground environ-
ment) and transmits them to the missiles during flight.

SAGE, which may be located hundreds of miles away from the IM-99
base, assimilates radar information received from the air defense
network. From the assimilated information, signals are transmitted
by SAGE to the IM-99A base which results in launching commands
being directed to selected missiles in the launcher shelter. After
launching, the missile flight control is directed from SAGE through
GAT located near the IM-99A base. So much for the description of a
Bomarc Base and its equipment.

The chemicals used in the Bomarc Weapon System can, if improperly
handled, present a serious health and fire hazard. Chemicals such
as JP-X, JP-4, Unsymmetrical DimeLhyl Hydrazine (UDMH), inhibited
Red Fuming Nitric Acid (IRFNA), Hypergolic Fuel (Aniline-Furfuryl
Alcohol, known as ANFA), Anhydrous Ammonia, and 80-Octane Gasoline
are all flammable and/or toxic, and must be treated with respect.
By being aware of the hazardous properties of these chemicals,
personnel can better understand and appreciate the need for the
care required in their handling and use.

JP-X Fuel is a mixture of JP-4 and UDMH. JP-4 Fuel is a kerosene
aromatic hydrocarbon type fuel, the vapors of which are toxic and
highly flammable. The concentration of JP-4 vapors which is harm-
ful to health is much lower than that which may create an explosion
or fire hazard.

UDWi is a colorless, hygroscopic liquid with a rather sharp ammonia-
like or fishy odor. It is a strong caustic, and will attack the
mucous membranes and skin anywhere on the body. Due to its high
vapor pressure, it is absorbed through the respiratory organs at a
much faster rate than through the skin. At high concentrations,
the vapors of UDMH are quite irritating to the respiratory tract
and eyes, which serves to limit acute exposure. At lower concen-
trations, the irritating effect of the vapors does not necessarily
provide adequate warning during exposure, and the damaging effects
can therefore develop some hours after exposure. When JP-4 is
mixed with UDMH to make JP-X, the mixture presents the same toxic
hazards as UDMH and the same fire hazards as JP-4.

Inhibited Red Fuming Nitric Acid (IRFNA) is a highly corrosive
oxidizing agent which will vigorously attack most metals. It will
react with most organic materials violently enough to cause fire,
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and reacts explosively with many chemicals such as aniline, fur-
furyl-alcohol, gasoline, hydrogen sulfide, JP-4, UDMH, and xylidine.
Thp fumes of TRFNA are extremely toxic and cannot be relied upon to
give adequate warning of their presence to personnel.

Aniline-Furfuryl Alcohol (ANFA) is a mixture of aniline and furfuryl
alcohol. Freshly distilled aniline is a clear, slightly oily liquid
which gradually turns to dark brown upon extended storage. Aniline
is considered very toxic by inhalation and by sbsorption through the
skin.

Furfuryl alcohol is a light amber colored liquid which will react
explosively with fuming nitric acid. It is a moderate health hazard
by inhalation and some skin absorption can occur upon contact.

Anhydrous ammonia is a colorless liquid with a distinctive pungent
odor. This material can cause severe skin irritation and burns upon
coxitacL, due riot only to its caustic effect, but also to the freez-
ing effect produced by its rapid evaporation. Anhydrous ammonia
fumes give adequate warning of their presence and personnel will not
voluntarily remain where these fumes are present. This gas, when
mixed with air, particularly in the presence of combustible materials
of oxygen and oil, may be flammable.

The hazards presented by these chemicals may arise from direct con-
tact with skin or eyes, or by inhalation of the fumes or vapors.
These hazards may include irritation of the eyes, nose, throat
and/or skin, severe burns, internal illness, dermatitis, and even
serious lung and heart conditions, depending upon the chemical and
the length of time exposed.

To protect against the health hazards presented by these chemicals,
personnel should wear suitable protective clothing and work in
areas having adequate ventilation. In areas not having adequate
ventilation, respiratory protection should be utilized, and for
specific operations, may be required. Whenever respiratory pro-
tection is required, the proper type of respirator for the parti-
cular job should be used.

Pursuant to policy contained in AFR 16C-20 and in response to a re-
quest from the Surgeon, Hq ADC, a consulting industrial hygiene
engineer and industrial hygiene chemist were dispatched from the
Kelly Regional Environmental Health Laboratory in the Fall of
1959 to observe operations, study procedure, take samples at the
46th Air Defense Missile Site.

The observations made during this survey took cognizance of the
questions posed by the headquarters staff visit team. In addi-
tion all of the current operations in progression were observed and
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evaluated with regard to prevalent or potential health hazards.
Some of the observations and recommendations made were as
follows:

1. Radar test tunnels located in the A & M shop should
be checked for microwave- radiation leakage. Test
equipment for this purpose is available in the
Environmental Health Laboratory.

2. Hydrocarbon vapors in the rsun Jet test cell should
be determined during and after operation of the
cell.

3. The acid fume scrubber is obviously not efficient
enough to absorb nitrogen dioxide and tetroxide
vapors at a very high rate. Environmental Health
Laboratory pnrsormel made laboratory studies to
determine what scavenger agents could be addied to
the scrubber water to improve the efficiency of the
presently designed installation. This appears to
be the most economical method of incireasing the
efriciency of the scrubber so that it will satis-
factorily handle the maximum acid vapor load
possible emanating from the oxidizer storage tanks.

4. The thermal stresses imposed upon fuel handling
personnel who wear protective suits should be
determined during summer weather operation. This
study should be accomplished by the medical personnel
attached to the missile squadron.

5. Test corings under the UDMH leaching wells should
be made at six month intervals after the missile
base is placed into operation. This should be done
to determine the infiltratiyn of UDMH and Chromium
salts into the sub-ourface strata above the water
bearing aqaifer which furnishes the drinking water
supply for the missile base. The coring should be
accomplished by support bae percornc.l. Analyses

of the cores for UDMH can be accomplished by the
Environmental Health Laboratory.

6. The emanation of X-rays from high power electronics
into the control room at the GAT site should be
determined. This can be accomplished using film
dosimetry techniques.

-32-



7. As operating personnel will spend a considerable
period of time in the decontamination building
without wearing protective equipment, the UDMH
vapor level should be evaluated carefully in this
structure over a long period of time. This will
probably have to be accomplished daily over pro-
tracted period of time by medical personnel
assigned to the missile squadron.

Personnel exposure evaluation to fuel and oxidizers was made by
Boeing Industrial Hygienp personnel during initial transfers of
these materials. The field evaluation was made with direct read-
ing type instruments. A summary of the results is as follows:

a. Transfer of JP-X (containing Dimethylhydrazine) from

commercial tanker to fuel storage.

Date: 8-5-59 Transfer time: 40 minutes

Time: 1740 Volume transferred 1900 gallons

Temp: 780F

Wind Dir: 700

Wind Vol: 10-15 !.P.H

The average concentration of UDMH determined in the breathing zone at
I to 6 feet from the Tanker was 2.5 parts per million part of air
(PPM). This concentration representr the exposure of the employee re-
quired to mtke and break the connection and oversee the transfer from
the tanker to the storage tanks. A leak occurred at the tanker
connection in which several gallons of JP-X were lost onto the con-
crete apron and were immediately washed down by the fire department.
Direct reading samples obtained with the Mine Safety Appliance UDMH
Detector showed concentrations ranging from 3 to 1C PPM during the
leak and disconnecting from the tanker. The tanker trucker driver
performed the connection, disconnection and repair of the leak. The
JP-X vendor does not supply the driver with protective clothing or
respiratory protection. These were provided to him by Boeing per-
sonnel.

b. Transfer of JP-X from storage facility to Boeing

trailer

Date: 8-i0-59 Transfer Time: Approx. 11 min.

Time: 1930 Volume Transferred: Approx. 300 gals.
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Wind Dir: 2400 Conditions: shelter doors

open

Wind Vel: 14 to 21 M.P.H.

Direct reading samples showed breathing zone concentrations to be con-
sistently less than 0.5 ppm. At one time, during disconnect, a small
spill gave readings from 3 to 7 ppm. The JP-X trailer fume scrubber
appeared to function properly. No UDMH could be detected by odor or
by direct reading through it. There was definite odor of the acetia
acid from the scrubber.

Comments

The maximum allowable concentration for prolonged exposure (8 hours a
day, 40 hours a week) to unsymmetrical dimethylhydrazine is 0.5 ppm.
For normal transfers of JP-X at a Bomaro base it is not felt that
significant UDMH exposures will be encountered. Employees should have
organic vapor-aammonia eannister full face respirators immediately
available to don in the event of a spill. The alertness of the fire
department will serve to minimize UDMH exposures since the spills are
immediately flooded with copious amounts of water.

It is the opinion of the observers that the odor threshold of UNWI is
0.5 to 2.0 ppm rather than 6 to 14 ppm as stated by many authorities.
Direct reading and chemical determinations made when UDMI odor was
present in the fuel facility would appear to bear out this opinion.

The Mine Safety Appliance UDMH detector appears sensitive enough to
indicate air concentrations which would warrant the use of respiratory
protection. It is folt that one of the fueling crew members should
be equipped with the detector and checking the working environment
at regular intervals during the JP-X transfers.

I would further recommend that the vent line from the JP-X facility
be extended upward another 10 feet.

d. Transfer of acid from commercial tanker to oxidizer

storage tank.

Date: 8-13-59 Rel. Humidity: 90%

Time: 2300 Transfer Time. Approx. 50
minutes

Temp: 780? Volume transferred: 2700 gals.

Wind Dir: 2400

Wind Vel: 7 M.P.H.
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Temps 75 0 F Conditions: large south door

closed - all other doors open.

Wind Dir: 1900

Wind Vel: 5 M.P.H.

UDUH concentrations determined chemically in the breathing zone
around the trailer were close to 3 PPM during the transfer. Di-
rect reading concentrations with the UDUH detector ranged from 0-10
PPM, The 10 PPM was measured for several minutes outside the faci-
lity and 50 ft. downwind after transfer and during bleed-off of the
nitrogen pressure from 30 to 5 psi from the JP-X storage tank. UDMH
concentrations were less than 0.5 ppm during transfer of the JP-X into
the waste retention tanks.

Date: 8-14-59 Traiisfer Time: 13 minutes

Time: 1600 Volume Transf. Approx. 300 gals.

Temp: 90OF Conditions: All doors open

Humidity: 52%

Wind Dir: 13510

Wind Vel. 6 M.P.H.

Chemical determination in the breathing zone in the control room
during transfer showed a concentration less than 0.1 ppm. Direct
reading concentrations ranged from 0 to 7 ppm. The 7 ppm was recorded
at 180 from a small leak which developed at the facility fitting to
the hose. Following the transfer a definite odor of UDMH was noticed
in the heating and ventilating room. A 10 minute chemical deter-
mination of 0.5 ppm was observed. Direct reading concentrations of
10 ppm were observed at the start of sampling and dropped off to less
than 0.5 ppm at the end of 10 minutes. It is felt that the UDMH was
entering the heat and vent room from the bleed-off line during
pressure bleed down.

c. Fueling and defueling JP-X from trailer to IM-99A
Missile in Shelter.

Date: 8-17-59 Rel. Humidity: 50%

Time: 1100 Transf. time Approx. 20 min.

Temp: 91OF Volume transf. Approx. 250 gals.
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During this transfer two direct reading type gas detectors were
used to measure nitrogen dioxide concentrations, Concentrations
of nitrogen dioxide measured around the tanker Rnd in and
around the acid facility, including the storage tank vault were
less than 1 ppm for all normal operations. At one point a
small leak developed at the hose connection on top of the
tanker and a concentration of 1000 ppm was recorded within
1 foot of the leak. Scott Air Paks were being worn by
personnel repairing the leak.

During venting of the tanker pressure a visible cloud of acid
fumes was given off through the scrubber stack, Air samples
were taken in the breathing zone at distances from 50 to 200
feet downwind. A maximum reading of 5 ppm was obtained at
100 feet while the 200 feet distance showed 1 - 3 ppm. The
venting required approximately 30 minutes.

At the time of disconnect of the hose from the tanker concentra-
tions of 8 - 10 ppm were recorded 30 feet downwind.

e Transfer of acid from storage facilty to Boeing
trailer.

Date: 8-14-59 Wind Vel: 6 M.P.H.

Time: 1800 Transfer Time: 25 minutes

Temp: 860F Volume Transferred Approx. 600
gallons

Humidity: 50% Condition: all doors of
facility open

Wind Dir: 1350

During transfer of the acid from the storage tanks to the Boeing
Trailer three separate air samples were taken with three
nitrogen dioxide detectors, each made by a different
manufactarer. For normal operations all breathing zone samples
showed nitrogen dioxide concentrations below 1 ppm in the entire
acid facility.

During venting of the pressure from the acid storage tank,
concentrations up to 10 ppm were recorded at a distance of
75 feet downwind from the scrubber stack. The venting could be
adjusted so that a dense cloud of fumes was produced or virtually
no fumes at all. The vent valve was opened 3/4 of a turn and
this produced "moderate" fuming and the conditions under which the
above samples were taken.
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The acid hose was drained and washed into the sump. The acid was re-
leased intermittently from the hose and each release produced
"moderate" to "heavy" visible fuming from the stack. Approximately
1/2 gallon total was drained from the hose. Concentrations of 8-10
ppm were recorded at 50 to 75 feet downwind. Unfortunately the
samples may have been collected too close to the stack for the visible
fumes appeared to pass overhead about 15 feet.

During disconnect of the hose from the facility a small spill (several)
ounces) occurred. Breathing zone samples showed 5-10 ppm. The fire-
man promptly sprayed the spill with water.

While the acid retention tank was being vented samples at 75 and 100
feet downwind from the stack showed 3-5 ppm and 1-3 ppm respectively.

f. Transfer of acid from Boeing trailer to IM-99A in

shelter #2-28.

Date: 8-17-59 Wind Vel: I0 to 16 M.P.H.

Time: 1900 Volume Transf. Approx. 10 gals.

Temp: 89OF Conditions. shelter doors
open

Wind Dir: 2400

Due to fitting and hose difficulties very little acid was transferred
to the missile. When the leak developed at the fitting to the
missile (and the acid pressure shut off) 1-3 ppm concentration of N02
was observed 3 feet downwind. During disconnect 20 ppm was recorded
and this completed the operations until the hose and fitting problem
would be resolved.

Comments

The maximum allowable concentration for prolonged exposure to oxides
of nitrogen dioxide is 5 ppm. Concentration about 50 ppm should be
considered serious for exposures which may exceed even a few minutes.
Personnel should have self-contained breathing apparatus immediately
available in the event unusual circumstances develop. It is evident
that during normal transfer operations no significant acid gas ex-
posures were recorded.

It should be remembered that the concentrations of acid gas measured
downwind from the scrubber stack were for the particular set of at-
mospheric conditions at that time and do not necessarily mean that
worse (or nore favorable) results would be obtained under different
meteorological conditions. A spill of any consequence in the acid
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facility would mean considerable "fumes" emitted through the
scrubber. Meteorological conditions might be such that significant
NO2 concentrations could be seen in the acid facility or change house.

With regard to the scrubber stack it is recommended that the cap be
removed or built such that there is no impingement of the exhaust of
the cap. This would give the stack an effective height of 5 to 10
more feet.

g. Transfer of aniline froym drum to ANFA oert.

The atmospheric concentration of aniline in the breathing zone of the
employee during this operation was less than 1 ppm. The maximum
allowable concentration for prolonged exposure to aniline vapor is
5 ppm. It is not felt that this operation presents a significant
hazard by inhalation. However, adequate precautions must be taken
to prevent skin and eye contact with the fluid. No direct reading
type Instruments are available for aniline. One is noL required on
the Bomaro bases.

This initial survey pointed up the fact that the Preventive Medicine
program at a Bomarc Missile site is a very important part of the nor-

mal operational procedures and must be conscientiously carried out
continuously. In addition, it pointed up the fact that during the
conception and fabrication of a new weapon system the medical aspects
of operation must be carefully considered and the health hazards
evaluated. A manual of procedures should be prepared in advance of
operational s~atus, so that the support medical service will not be
completely in the dark as to what health hazard may be expected and
how they are to be handled.

The recommendations contained in the report of the initial survey
have all been carried out in some respect. Some of the answers are
still wanting. Although attempts have been made to get qualitatively
and quantitatively data regarding exhaust products of the Bomarc,
this data is still meager and incomplete.

The survey also verified the fact that the industrial health problems
confronting the engineer in the so-called space age are no different
from those in the "Aeronautic Age." It may be perfectly O.K. for
the rocket designer to keep his head in space but the industrial
hygiene engineer had better forego such a treat because he would
surely have to stretch a lot to keep his feet where they belong.
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HEALTH HAZARDS AT A STRATEGIC MISSILE SITE

Capt John J. McCambridge
Hq 15th AF

I would like first to say that I'm going to confine my comments to
three missile systems - the SM75, the Thor; the SM 65, the Atlas;
and the SM 68, the Titan I. These are the three systems that the
Strategic Air Command has now in its inventory, or which they
helped make operational through training others who operate the
missile.

The Thor is an intermediate raage missile. It has a nominal range
of 2500 nautical miles. The missile, although a strategic missile,
is not operated by the Strategic AIr Command. It's operated,
instead, by the Royal Air Force of England. The crews for this
missile, however, were trained at Vandenberg AFB. They received
their crew training there, they did their proficiency launching
there, and they return there periodically for proficiency firings.
The program is under the surveillance of the Strategic Air Command.

The Atlas was our first truly Intercontinental Ballistics Missile.
This has a nominal range of 5500 nautical miles, although, as you
know, they have been launched for much greater distances from Cape
Canaveral in experimentation greater than 9000 miles. The Atlas
will be stationed at such bases as Francis E. Warren, Fairchild,
Schilling.

The Titan I, the SM 68, is also an Intercontinental Ballistics
Missile with a nominal range of 5500 nautical miles. The Titan I
will be stationed at such bases as Lowry, Ellsworth, Mountain Home,
etc.

Slide No. I

This is a Thor Missile, the type that is currently stationed in
England. The launch area you see here is aL Vandenberg AFB, out
at what is known as "The Point." This is the same area from which
the Discoverer Satellites are launched. These, as you know, use
the Thor missile as a booster. The missile is stored in a horizon-
tal position and at the time of launching is raised into the
vertical, fueled and then launched. This is not a mobile system,
but is rather a transportable system; the philosophy behind this
being that the entire missile with its support equipment can be
loaded upon aircraft - not one aircraft, but several - and
transported to a different site. The only thing that would then
have to be constructed at the site would be the launch pad itself.
The mobile equipment you see within the concrete shelter in the
picture. On the left, the left-hand bays contain high pressuru
nitrogen trailers containing gaseous nitrogen, about 2500 pounds
per square inch. There are also contained within this shelter
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electrical sub-systems, hydro-pneumatic trailers, and other
checkout equipment. At Vandenberg this missile would be
launched from a blockhouse. At the operational site, however,
the launch equipment is contained in Just one more trailer, so
it too is transportable.

Slide No. 2

This is an Atlas Missile. The Atlas Missile is designed in
several configurations. We have at Vandenberg one complex of
vertically stored and launched missiles. These are similar to
the classical gantry crane or surface tower used at Cape
Canaveral. Most missiles at Cape Canaveral are in a vertical
configuration in a gantry.

At Vandenberg, however, and within the Strategic Air Command,
there is but one complex of this nature. The others are all
stored either horizontally or in a silo. This particular
complex you see here is what we call a "coffin" configuration.
This missile is stored horizontally in the white concrete
"tcoffin" at the lower right hand portion of the picture.
Prior to launch, the missile is raised to a vertical positioa
with that yellow lattice-work as the support structure. After
it reaches to the vertical position, the "0" ring at the top
of the missile is loosened, the lattice-like structure is
moved back an additional 150 and after fueling the missile is
ready to launch. Other Atlases coming on at a later date will
be stored in a silo in the ground. The two large blue tanks
you see are liquid oxygen tanks. These contain liquid oxygen
at a temperature of 2970 below 00 Fahrenheit.

Slide No. 3

This is a photo of the Titan I being elevated out of its silo.
Those doors in the picture weigh in excess of 100 tons. This
missile, as do the other two missiles, uses liquid oxygen as
an oxidizer and RP-1 as a fuel, and is stored in an under-
ground configuration and then raised to the surface and
launched. As you know, follow-on missiles will be launched
from the silo.

Slide No. 4

All of these missiles can be described in general, in some wuys.
They all have propellant systems, they all have guidance systems,
they all have a re-entry vehicle. They have hydraulic and
electrical sub-systems. They all present a group of problems
of interest to us in the Medical Service which are similar one
to the other except for individual differences. We have
propellant problems, radiation problems, both ionizing and
microwave. There are noise problems, which unfortunately exist,
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although perhaps they should not at this date. There are
survival and efficiency problems of people, living in remote
locations, or in test operations at Vandenberg, being involved
in operations hazardous at the time they are undertaken.

Slide No. 5

In addition to this, the very configuration of strategic missile
squadrons throughout the country gives us some problems in
itself. Our missile launchers are not based on SAC bases,
neither are they independent installations apart from the
aircraft bases, They are all, without exceptions, located
around the periphery of an active Air Force Base. Now, I'm
speaking of Atlas and Titan. They use this active base as the
support base. The distance between the complexes and the support
base may vary anywhere from 10, 12, up to as far as - although
this slide says 50 miles - in the Lowry and Warren areas they go
almost as high as 70 miles. This of course, as you can see, is
both a maintenance and logistics problem to the operational
people, and a surveillance problem to the Medical Service.

Slide No. 6

These remoto locations in themselves occasion problems of boredom
and fatigue among the people working at the complexes, and in
some cases there will be but two or three men on a crew, and they
may be there for 24 hour shifts, and we are even experimenting
with as high as 60-hour shifts. Of course, they will have time
to sleep in between. The human engineering problems are manifold,
and we will get in to them a little later.

Slide No. 7

At the launch emplacement itself we have a launch pad or a silo
or a "coffin", the actual facility in which the missile is
stored and from which it is launched. We also have propellant
ready-storage areas where the fuel and the oxidizers are stored.
In some systems, the fuel will be pre-stored upon the missile,
and only the oxidizer must be loaded prior to launch. There
are also guidance antennae for the radio inertial systems. We
have inertial systems which are completely devoid and independent
of the ground guidance, and then we have radio inertial systems
which are dependent for an initial part of the trajectory on
ground guidance. There is also a control center, a blockhouse,
an LCC (launch control center, as it is called) in which are
located the consoles that control the launch of the missile.

Slide No. 8

Back at the support base will be the maintenance area - the MAB,
Missile Assembly Building. All of the systems have different
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names for this aircraft hangar (that's all it is, a missile hangar,
Some call it the G-NAB (guided missile assembly building);
others call it the MAB (missile assembly building) but in any
event, it is the maintenance hangar. There will also be a liquid
oxygen and liquid nitrogen generating plant, usually 25 tons.
At Vandenberg there are two plants, twenty-five tons per day and
fifty tons per day, a total capacity of seventy-five tons per
day of liquid oxygen and liquid nitrogen.

Also, and this ii something often overlooked, we still have the
mundane, so to speak, problems of an ordinary Air Force Base. We
have personnel facilities; we have recreational facilities; we
have a base water supply; we have dependent medical care
problems.

These must be accomplished simultaneously with the accomplishment
of the support of the missile operation.

Slide No. 9

We have found that the Industrial Hygiene Engineering principles
and the Occupational Medical principles that are required in
the support of the missile program are no different than those
already well proven in the aircraft industry and civilian
industry. There are those groups within the Air Force that
like to make the missile business something so special and
different that it requires a complete change of philosophy and a
complete change of names. We have found this is not so. We have
operated at Vandenberg since 1958 and subsequently in the 15th
Air Force with the same people and the same procedures that were
used with the aircraft force.

Slide No. 10

The same principles apply. Again, being that the missile
business is new, being that it is a number one priority project,
many people have attempted to overplush some of the missile
facilities. SAC, of course, does this in the Aircraft force
with the alert crews; they attempt 'to give these people
something extra. The attempt is also being made in the missile
business. Well, we support this as far as it is economically
feasible, but in the aircraft alert force we are speaking of a
small group of people at any one time. Perhaps we would have to
provide plush facilities (standby facilities) for 5% of the
total assigned force. If we expand or extrapolate this same
philosophy to the missile business, we will eventually have to
provide these facilities for the entire force, which of course
we cannot do.
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Slide No. 11

Now as for the fuels that are used, or are in contcmplatio, to
be used in strategic systems or in the satellite systems that
are launched from Vandenberg, we have liquid hydrogen,
unsymmetrical dimethyl hydrazine, which Dr. Clancy has already
discussed, hydrazine, aerozine 50 which is a combination of the
two and. RP-1 which is nothing more than a kerosene fuel. Among
the oxidizers we have liquid oxygen and inhibited red-fuming
nitric acid. We also have high pressure systems, both nitrogen
and helium up to from six to eight thousand pounds per square
inch, on some of the launch emplacements.

Slide No. 12

I will not go into this, because there are others here who will
speak more fully on fuel problems, but this chart gives you a
rundown of the maximum allowable concentrations for some of the
fuels that are being used, just to give you an idea of the
chronic toxicities of these materials and the Medical evaluation
that is being currently undertaken at First Strategic Aerospace
Division at Vandenberg.

Slide No. 13

On the next slide we have the same information for the oxidizers.
I might say here, and I think it may have been brought out by
another speaker, and will probably be brought out later, that
although we have, and have had for quite some time extensive
information on chronic toxicities of these materials, we are
lacking, or have felt we have been lacking, in good data for
acute exposures. This is what, in the operational end of the
business, we are more concerned with. We are more concerned with
the accident where we have to send the man in for a short period
of time into a high concentration.

Slide No. 14

Now of course, we also have noise problems, and these,
unfortunately were identified in the design stage; the potential,
that is, was identified, that these problems would exist. We have
power generation facilities. Each one of these missiles requires
a significant amount of power, so they all have their own power
generation facilities. These facilities by their very nature
create high sound pressure levels. This was pointed out (someone
asked about who's reviewing these things in the design stages.)
Well, this was pointed out in the design stages of some of these
missiles, but for some reason, whether it was economy or other
considerations, they apparently were not considered at the

time because we do have, at the present time, noise problems.
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Slide No. 25

We are not only concerned with noise levels that are considered
injurious to health, those are outlined in AFR 160-3, but we
are also concerned in SAC with speech interference levels, that
interfere with communications between operations personnel at
the consoles. Now you may say that this is not the Medical
Service's responsibility, but it really is, because safety is
compromised here if communication is not good; secondly, we are
the people within the organization that are supposedly the
noise experts, so we are the ones who are called upon to provide
the professional guidance in obtaining acceptable speech
interference levels in our launch facilities.

Slide No. 16

I don't know if all of you can see this picture. This is a
picture of an Atlas powerhouse. This is one specifically in
the 576-A complex at Vandenberg. Overall sound pressure levels
in here are in the neighborhood of 105 DB. This is our lowest,
really, of the missile systems. Two people work in this area,
and hearing protection is, of course, required.

Slide No. 17

I would like to point out here that I'm only going to mention
overall sound pressure levels. We are aware that the octave
band analysis must be performed and this is really the criterion,
but here, for the sake of simplicity, I will just mention overall
sound pressure levels. This is the TF-l Titan powerhouse,
again at Vandenberg; this is the powerhouse of the complex,
where the explosion took place about a year ago. This power-
house was not damaged, however, and is currently being used for
another silo, another launch area. This is the powerhouse that
provided the power for the launch of the Titan missile about a
month ago, the first successful demonstration launch from
Vandenberg. This is also probably our noisiest powerhouse.
Overall sotud pressure levels in here range up to -- well, they
have ranged between 115 and 118 decibels. We thought we had a
pure tone here because we did, according to the criteria of
160-3, but we bad Dr. Parreck from Wright-Patterson up to visit
Vandenberg recently, and Lt Silva and Lt Carter told me that
after taking half octave bands and fractional octave bands, he
decided that he did not Lave a pure tone. In any event, the
sound levels themselves are extremely high. Now in addition
to the hazard to the hearing of the personnel here, they are
required to communicate, by electronic communications equipment
headset, with the launch control operator who is in a different
building. The original headsets that were ordered and
installed in this area were useless because the communication
over the phones could not be understood by the LCO because of
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the noise level. There was also a telephone, a very nice
telephone, that was installed on one of the pillars there
right smack in the middle between the generators. It
can't be used at all. In any event, here we have
recommended the use of sound protective helmets with
integral communications equipment. Also, there has been
considerable effort over the past -year to have Ballistics
Systems Division put some acoustic treatment in here, and
after about a year and a half of fighting we thought they
had accepted it; now they decide they don't have any money
and SAC's going to have to do it with their own 0 & M
money, which I imagine we will do.

You have seen the~e puwer plants, that I've just shown you,
which are fixed in placed buildings. These are for Atlas
and Titan. Now the Thor mobile system had its power
generated by power generators installed in these mobile
trailers. Each one of these has a 250 HP 550 KVA diesel
generator. There were four per complex for three missiles.
These, of course, can be air transported. The sound levels,
inside, were about 107 DB over all. Fortunately, only an
hour per day of operation was required, in which a man's
presence was required within these trailers. This system
is now under the surveillance of the Royal Air Force.

Slide No. 18

This is the exterior of the liquid oxygen generating facility.
The sound pressure levels in here, depending upon the cycle
of operation, can range up to 122 DB overall. This is a
hazardous noise area, requiring the use of muffs and plugs,
both.

Slide No. 19

This is an Atlas pumphouse which again is only operated part
time and requires only the use of protective equipment while
the individuals are in the area.

Slide No. 20

This is the hydraulic servicing unit, which is part of the
Atlas system. This unit, one per complex, is used for check-
ing out the hydraulics and the pneumatics on the Atlas. This
is operated one hour a day per site by the hydraulic repairman.
However, the same man on a three-missile site must go around
and operate each one an hour apiece, resulting in a three-
hour exposure. The exposure here is 104 DB at the front of
the panel and 108 at the back, because the back is open.
This again occasioned a communications problem as well as a
hearing conservation problem in that this man had to
communicate with the launch control operator back at the
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Launch Control Center. When we first encou.ntered this problem
the operator(he must report the readings on the gauges to the
LOC as the unit is operating) was reading the gauge and
running behind a pole over here behind a partition in order to
communicate back to the Launch Control Center because he
couldn't be heard over the din. This is another area in
which helmets with integral communication systems are
required.

Slide No. 21

This just shows you the three types of protective equipment
we are using - plugs, muffs (fluid-filled muffs, we feel are
the best of the available types) and in the lower center the
sound suppressive helmet with integral comsnanications.

Slide No. 22

Now we have radiation problems too, both ionizing and microwave.
One cannot speak of radiation without immediately thinking of
the general concern around the world these days about
radioactive problems. This is brought forcefully to our
minds by the new dress that they have designed over in France.
It's a new, low-cut French dress called the Atomic dress
40% fallout. We're going to discuss here together the
ionizing and the microwave radiations just for the sake of
simplicity. We are well aware that the effects are different;
ionizing being the ionization of atoms, and microwave being
chiefly a heating effect, and I believe Colonel Boysen is
going to speak further on microwave radiation.

Slide No. 23

In the guidance control of a radio inertial system, we have
both types of radiation. We have the microwave coming from
the antenna, and we have X-radiation coming from the klystron,
magnetron and thyratron tubes in the electronics within the
building itself. Now, some of you may have read the paper
by the University of Rochester describing an accident at the
General Electric plant at Schenectady, I believe it was, where
several people tried to perform maintenance on the back of one
of these cabinets and were exposed. In SAC, so far, we have
had no exposures whatsoever, no readable exposures on film
badges from the X-radiation.

Slide No. 24

The MOD-3 guidance which is currently installed at three of our
atlas bases, does have a microwave spectrum in excess of the
10 milliwatt per square centimeter allowable out to 150 feet
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in front of the antenna, but this, of course, is quite
directional - it has a cone of dispersion of only about 100.
Again at Vandenberg, this particular site is so oriented, that
no one occupies this area in front of the antenna. I would
like to point out a problem here. We have to my knowledge, no
criteria for acute exposures to microwave radiation. This
10 milliwatts per square centimeter as I understand it, was
rather arbitrarily arrived at and is an across-the-board figure.
We do not have any time-concentration method of increasing
this value for short periods of time. This is something that
I'm sure we would all like to see worked out.

Slide No. 25

This is the back of one of these cabinets wherein the
X-radiation might be received were the shieldings not to
be in place. The cabinets are well-shielded so that you
get no readable or detectable readings outside the cabinets.

Slide No. 26

In the missile itself, from a radiological standpoing, we
have the re-entry vehicle, which contains the warhead. We
have Thorium Magnesium Alloy, in the transition section of
the Titan missile. This presents no external problems,
Thorium being an Alpha emitter, but it would be a
potential problem were any machining to be done on this
material. SAC does not do any. This is all taken care of by
others, so this really is no problem to us. We are aware of
it, though. We also have Krypton 85 batteries in the
system, Krypton 85 being a radioactive gas. People that
actually handle these batteries are monitored with chest
film badges, and wrist film badges, because the exposure,
or rather the intensity of radiation at the surface of these
batteries can be between 30 and 40 MR per hour. It decreases
very rapidly with distance from the batteries, and they are
not required to be handled continually, Just periodically.

Slide No. 27

This is a picture of a re-entry vehicle on a re-entry vehicle
transporter.

Slide No. 28

This is an APCHE console. Colonel Peterson was giving me
the business yesterday about the SAC initials; we've got
initials for everything. I found out, by the way, the other
day that the name for one of these seriez of initials that
form a new word is an acronym. I never knew that before. An
acronym. The acronym for this piece of equipment is an APCHE,
meaning Automatic Programing and Checkout Equipment. This is
a piece of equipment, a console, with it's associated

-47-



electronic cabinets with which the entire missile system can
be checked out in a time of about four hours, whereas it would
take them about 48 hours to do it manually. They use decks
Oi- plasLic cards with printed circuits inserted into this
console in order to perform various electronic checks. These
cards being plastic can pick up static charges. Were these
cards to be inserted into the console with a static charge,
there would be interference with the pick-up of the circuit.
Therefore, a pollonium-210 static illuminator bar is placed
at the aperture (actually there are two, one above and one
below) between which the plastic cards are inserted.

Slide No. 29

Each of these bars contains 1-3/4 millicuries of Pollonium-210.
This is an alpha emitter, primarily, and ionizes a layer of
air about one inch above the bar. As the plastic card is
passed through this ionized air, the static charge is
removed, thereby allowing a clean pick-up of the printed
circuit. These are required to be swiped. We initially
wipe-sampled them once a week before we had any good
information on them, and now we have decreased this to once
every ninety days. There has been no problem with these
bars, with the exception that at Warren Air Force Base they
have had a few incidents of cracked bars. Lt Rothman Just
sent me the other day a complete resume of the instances they
have had, which have been about three cracked bars. However,
there have been no contaminating incidents. It's a low
level, we appreciate that. These bars never become the
property of the Air Force. They remain the property of the
manufacturer, Nuclear Products, Inc., and when they decay,
(their half-life is about 138 days) they decay to such an
extent that they become ineffective, they are repackaged and
forwarded under the ICC regulations back to the manufacturer.

Slide No. 30

In addition, at our installations, since there is a significant
amount of construction, there is a significant industrial
radiography operation. The contractors, after completion of
complexes, valves, piping, etc., X-ray or radiograph these
facilities to identify weak walls, stress concentrations, etc.
They use either portable X-ray machines, usually 140 KV,
Cobalt 60 or Radium 192. We have had sources as large as
50 curies on Vandenberg and on some of the 15th Air Force
Bases.

Slide No. 31

For those operations involving radioactive materials that are

directly within our conLrol the Industrial Hygiene Engineering



Section provides surveillance. For those that are under the
control of the contractorc, we insure that they follow the necessajy
precautions in accordance with the NBS handbooks.

Slide No. 32

There are other situational stresses -hich are not necessarily
engineering in nature, but which border on the human engineering
aspects of the problem.

Slide No. 33

We divide these into those that are extrinsic - those coming from
without the individual. There are multi-colored displays writh green,
red, yellow and white lights. Some lights blink, some don't. The
operators must monitor these aad must be able to readily and imnediately
identify a malfunction if a yellow light should turn red when it is
supposed to be yellow; or if a steadily illuminated light become a
blinking light, the operator must readily identify the malfunction.
So these people are under some strain.

Slide No. 34

Also there are stresses from within the individual, the pressure to
accomplish his task, the long hours which I have already mentioned.
A 24-hour tour is what we are apparently shooting for now; it's still
in a state of flux but they are experimenting with tours up to as long
as 60 hours. Now, in order to alleviate some of these tensions, a lot
of work has been done, not solely by engineers but by other allied
fields, and they were trying to find a system that would reduce this
emotional stress. They finally came up with a gadget -- a system and
a gadget time proven and well constructed. It weighs about 115 pounds.
(Slide of a bathing beauty.)

Slide No. 35

In addition to those normal routine activities, we also must remain
ready to cope with any accidental situation that may occur. An
explosion during a dual-propellant lood, a broken arrow incident, which
is an incident involving a nuclear weapon, or accidents resulting in
multiple casualtiess. This is the disaster-control part of our
function.

I'd like to say in conclusion that my purpose here today was
just to review a series of facts about some of the experiences
we have had. I don't feel qualified to give this group a message
of any type, yet I can't leave the subject of health hazards in
missile operations without making one comment.
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All of these problems require the professional attention and
decisions of professional people; i.e., engineers and physicians.
Whether they be working as a team or not, their profe6iAvnal
attention is required. They are therefore Medical Service
problems. We have within the Air Forceoutside of the Medical
Service, groups whose interests in the health and welfare and
safety of personnel parallel ours t6 some extent in some areas.
Although these interests parallel ours, unfortunately their
competence does not necessarily go in the same correllation. I
would like to exhort everyone, or suggest, that all of us in
the field make every effort to actively assume these Medical
Service responsibilities. Not passively, but actively. Dontt
wait to be called; go and find out. These problems exist, and
they exist everywhere, not Just in missiles; go find out who is
taking care of them if you're not. Somebody is, and it may be
somebody not qualified to do so. I would also like to exhort
those senior people here who are in positions to influence manning
and space authorizations to recognize these problems, that they
are Medical Service problems, Just as much as dependent out-
patients and that we need people to discharge these responsibili-
ties. I think the alternative to this is the leaving of the
Air Force and its problems to solutionor attempted solutionby
incompetent people.
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ATMOSPHERIC GASEOUS DIFFUSION

George H Milly, PhD
Scientific Director

Army Chemical Center, Edgewood, Maryland

It is not my intention today to produce a complete do-it-yourself
handbook covering micrometeorology and the behavior of toxic clouds
arising from missile processing operations. In the time available
for this subject, I will only attempt to give some feeling for the
nature of the effects of meteorology and perhaps indicate some of
the techniques that can be of assistance. Currently available
information on diffusion and the behavior of clouds in the atmosphere
has not, to my knowledge, been specifically applied in your areas of
interest. Although one occasionally sees a discussion of
applications to real problems, more often than not these relate to
community or industrial air pollution situations. As I have thought
about some of the factors which might be of interest to this
audience, it has seemed to me that there is probably much that can
be done with the available information on diffusion were it to be
directed at some of your problems. I will try to point out some of
the cases where useful solutions and conclusions can be developed.

With such a mixed audience, it seems desirable to devote a few
minutes to discussing some of those aspects of meteorology which
are dominant considerations in regard to cloud safety problems.

A most important feature is the turbulent structure of the wind. By
turbulent structure I mean the irregular boiling and mixing of air
as it moves over the earth's rough surface, which results in dilution
and ultimate diffusion to harmless levels of materials released into
it. One perceives this variability as fluctuations in the wind
direction and wind speed, i e , as gustiness. The fluctuations and
variations occur over a wide spectrum of scale. The high frequency,
low amplitude fluctuations, involving eddy sizes of small
dimensions with respect to the size of the cloud being diffused,
are the effective turbulent diffusing forces. There are also present
larger eddy sizes, that is, lower frequency fluctuations which are
large with respect to size of the cloud and result in a shifting and
meandering, or irregular motion of the cloud as a whole. Clearly
both of these aspects are of interest. The first, related to
diffusion, determines how the concentration falls off as the cloud
is mixed with fresh air during travel after release into the
atmosphere. The other problem, concerned with low frequency
components of variation exhibited by shifting wind speeds and
d;irectioný are of concern in attempting to define the path of the
cloud and hence the areas, points, or people, that will be influenced
by it, and the time history of these events.
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The turbulent structure of the atmosphere is not ordinarily measured
in the usual weather station, primarily because it is a feature of highly
specialized interest which is not economically justified ;as yet in normal
observational programs. As a consequence, unless special provisions are
made for observations suited to your kinds of problems, you will not be
able to get information related to turbulent structure from the records.
Various indirect techniques have been devised to aid one in making esti-
mations of the degree of turbulence from the normal observations. Several
such techniques rely on the fact that the degree of turbulence is highly
correlated with the vertical distribution of temperature and hence the
vertical distribution of density. Although there has been extensive
publicity concerning i'nversions in regard to air pollution, I think per-
haps a little clarification of the notion of inversion might be helpful.
One tends, I believe, to picture an inversion as a layer at some level
above ground which acts as an impenetrable cap to bar the vertical trans-
port of material upward. Inversion, going back to the origin of the
term, actually means that the normal change of temperature in the atmos-
phere is invcrted. The usual or average situation is one in which
temperature decreases upward. Now, clearly, one can picture a tempera-
ture increase extending to varying heights before the normal decrease
with height begins, and one can also visualize varying intensities of
such inversions. One may also, and does, observe multiple inversions,
one above the other. One may have an imversion, let us say, at a
thousand feet and extremely unstable conditions beneath the inversion
from the ground upward, with extremely thorough mixing in this region.
Clearly, there is an important practical difference to those of us con-
cerned with the release of toxic materials if the inversion is low and
extends to the ground, so that the total layer in which the emission
occurs is itself stable, and the case where the inversion occurs at
500 or a thousand feet with complete mixing beneath. In the latter
case, a large volume of air is available for the rapid dilution of con-
taminants.

I mention these differences to indicate that one must give a little
more thought to representing meteorological effects than defining a few
simple categories of conditions in which to catalog the situations which
you might encounter.

Despite the many possible complications, it may be useful to consider the
average course of events through a 24-hour period. This is not only an
average but probably a modal situation as well, in that it is the ons
most frequently observed, although there are important exceptions. The
diurnal variation may be considered to begin at sunrise on a typical
midsummer day' with clear skies. Heating of the earth's surface, trans-
fer of heat to the air and consequent production of low density air layers
next to the ground, result in an increasing amount of turbulence during
the course of the day which then dies out after sundown when the source
of energy is no longer present. During the night the earth's surface is
the effective radiating source and the locus of lowest temperatures.
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Hence, there is a tendency to form the so-called nighttime radiation
inversion, which increases in intensity and height during the night as
additional cooling occurs. The picture just described is fairly typical
for low wind speeds or calm conditions. If, however, the wind speed is
moderate, say 8 to 10 miler per hour or greater, the roughness of the
earth's surface promotes mechanically induced turbulence which, in effect,
forcibly mixes the air, regardless of temperature stratification, and
the net result is to reduce whatever temperature gradient might otherwise
be observed. So, during the daytime, with increasingly high winds the
temperature gradient observed will be more nearly isothermal. Similarly,
at night the low level inversion will be destroyed due to forced vertical
mixing of the air and consequent equalization of density differences.

Now, one can go beyond these elementary diurnal variations and consider
other aspects which act to modify the idealized picture. There are
nearly always features of the location, topographic factors, or other in-
fluences which lead to more complex variations. You are probably familiar
with some of the more important ones: the occurrence of local rind
effects due to topographic influences, the land-sea breeze due to
differential heating effects. These, and other factors, need to be con-
sidered in any attempt to predict the stability regime. The development
of some stability situations may induce wind effects which then oppose
further development.

Another important aspect to be considered is the geometry of the source.
The literature commonly treats point sources because this is the easiest
kind to handle mathematically. In practice, one almost never encounters
a true point source. The sources actually observed are usually some
sort of volume or area. Occasionally, the source may be represented by
a line. Examples of these: a volume source is produced when an ex-
plosion occurs. A vertical line source may be approximated by a break
in a line which results in liquid falling from the break to the ground,
evaporating as it falls. Area sources may arise by evaporation from a
large spill on the ground.

At the moment, the important fact to recognize is that diffusion may be
highly dependent on the relation between the vertical geometry of the
source and the corresponding vertical distribution of stability. If we
recall the earlier comments about some of the features of inversions, we
can almost intuitively see how, when an elevated release occurs within
a very stable layer, the natural tendency will be for the fume to move
at the level at which it was emitted. being in a stable layer, it will
diffuse vertically very little. Under appropriate conditions, plumes
have been observed to travel for tens of miles without ever reaching
the ground surface.

If such an emission should continue for a period of hours, a long trail
of contaminant is produced overhead. At dawn, insolation of the sur-
face occurs, with mixing developing upward until finally the mixed layer
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reaches the overlying stratum of contaminant and rapidly diffuses it.
to ground level. This phenomenon has been called a fumigation and
serves to emphasize the necessity for considering some of the geo-
metric aspects in the prediction of concentration fields downwind.

With the foregoing qualitative considerations in mind, I would now like
to discuss briefly the quantitative treatment of atmospheric diffusion.
It is not necessary to review the various theoretical approaches s•ince
these have been adequately discussed, e.g., Meteorology and Atomic
Energy (U. S. Weather Bureau and U.S.A.E.C.), and the Handbook of Air
Pollution (Magill, Holden and Ackley.) These books summarize a number
of well known papers in the literature. Additionally, the entire
problem is again being reviewed and summarized in a new report to be
issued by the World Meteorological Organization within the next year.

The available mathematical treatments provide reasonably good approxi-
mations for certain idealized conditions. However, the mathematical
complexities that enter when one extends the scope of the problem to
include some of the realities to which we alluded earlier, lead to
severe difficulties. Such solutions, therefore, are not readily
available. I think that possibly this is the most important caution
that I would like to soumd today.. We all know of Sutton's formula,
and there are alternatives which can be used, but you will find they
are all developed for infinite, homogeneous, flat terrain, a uniform
surface, steady state and homogeneous meteorological conditions, simple
source geometry, and so on. And when one speaks of the reasonableness
of predictions obtainable by these equations, it is with these reser-
vations in mind. This is not to say that the techniques cannot be
usefully applied to the more complex real world problems. It does
mean, however, that use of these formulae in some of the more complex
situations, without cognizance of their limitations, is a question-
able procedure. Later I will indicate how it may be possible to cir-
cumvent some of these limitations. At the moment, however, in order
to impart an appreciation of the capabilities of current diffusion
methods, I would like to summarize for you some of the results we have
obtained in the Chemical Corps for the more or less idealized situation.

Instead of Sutton's formula, we have employed a more general -mathe-
matical formulation which expresses an assumption that there is a nor-
mal (i.e., Gaussian) distribution of concentration in each dimension,
as follows:

X(xyZ=t) Q 1 expf-(x-ut) 2  1

2ýTT0() - t 21 c(t

exp _y ._ _ 1 e z 2(

L f2 (t I ' r& () : _(
y z z
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FIG=• 1. Increasing standard deviation with cloud groifth.
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where u is the mean wind speed, ,r,y,z, are space coordinates measured
downwind, acrosswind and upward, respectively, t is time from release,
and Q is the amount of material released.

If one examines Sutton's formula, it will be found that time, although
there are several parameters with assigned physical meaning, the formula
is nevertheless equivalent to the assumption of three-dimensional normal-
ity. This feature of the distribution of concentration is illustrated
in Figure 1. Since the standard deviation is a measure of the spread
of a normal distribution, it is clear that its value must increase with
distance as the cloud travels and grows under the influence of diffusive
forces. We have, therefore, analyzed field data to determine how the
standard deviation increases with distance under various kinds of
situations. In order to simplify the problem, the analysis has been
done in terms of total dosage, defined as follows:

D J Xdt (2)

The solution for dosage may be obtained by making the appropriate inte-
gration of Equation (1), which with some approximations, gives

D(x,y,z) = Q exp Y2z2 (3)

fr a*((x)xd(x)u x) 2 2(x)
y z z

This result states that the dosage at point (x,y,z) is equal to a quan-
tity which contains the product of two normal distributions with para-
metersd (x) andd(x). These are the standard deviations laterally and
vertica~ly which characterize the size of the cloud at downwind distance
x. We have found from experimental data that these standard deviations
can be represented as power functions of distance:

ory(x) = )(Xl) )a

CYz(x) C"0(xI)

whereo,(xl) and~z(xI ) are experimentally determined values at some ref-
erence distance xl, usually taken to be 100 meters. From Equations (3)
and (4), it follows that, in order to make computations, values are re-

quired for the parameters dy (x1 ), dz(xI ),sCand A . Further, numerical
values of these parameters must be related to some observable aspects
of the ambient meteorological conditions.
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We have found from a large number of field trials with the nerve gas,
GB, that the parameter values were beat correlated against atmospheric
stability, where stability Is measured by the vertico1 gradient of

temperature between 0.5 and 4 meters. The values derived are
summarized, as follows:

TABLE 1: POINT SOURCE DIFFUSION PARAMETERS

" Temperature .... -- r I " oirO"•, "o--••Gradient urYmeters z meters

(Tm - To. 5 m)

Lapse ( -20F 1.86 1.86 3.41 25.00
Neutral (O°?) 0.88 0.88 3.41 5.85
Inversion (+20F) 0.66 0.66 3.41 3.85

With these values and the preceding formulae, one can make calculations
for several temperature gradients. You may recall that Sutton's data
permit estimates only for the neutral case. Our evaluation of the
parameters for neutral stability gives values which are in very close
agreement with those suggested by Sutton. However, Sutton does not
provide very well founded parameter values for the problem which occurs
most of the time in this country, namely, the nonneutral case. The
values given in Table 1 will permit making computations for these more
frequently occurring cases with which we are concerned.

We may now ask the question: How good are the diffusion calculations
obtained by the foregoing method? I will give an indication of this by
comparing a series of field trials observations with results calculated
for the particular conditions under which the tests were conducted. It
should be remembered also that the test conditions were selected to be
as nearly ideal as possible, and hence the comparisons represent optimum
capabilities for this method.

Table 2 shows several properties of the total dosage field which have
been computed: the area covered to some total dosage level, the average
dosage (E) over the field, the short time area coverage and the short
time average dosage.
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TABLE 2. COMPARISON OF OBSERVED AND CALCULATED PROPERTIES
FOR SINGLE MIUNITIONS (POINT SOURCE MIODEL)

Property No. of Range of Avg. Ratio
_Tests Obs'd Values Cal'd/Obs'd

Toald•g lO 16 710i 09
Total dosage E(5-max) 16 5xO4 - 5xlO8 1.18

Total dosage E(5-100) 22 4x!O4- 7xlO 1.00STotal dosage A(100) 16 7xlO1 6xlO4 0.92

30-second E(5-40) 10 4xlO4 - lxlC5 1.00

30-second E(5-1LO) 18 2x1O4 - 7xi05 1.53

30-second E(5-max) 8 2xlO4 - 2x106 2.C1

30-second A(5) 10 1x103 - 671c3 0.94

30-second A(40) 10 3x1O - 2x103 1.24

30-second A(100) 18 7xlO1 - ixlO3  1.54

A(i) = Total area covered by at least a dosage of i mg min/r 3 .
E(i-J) = The dusage-area integral with lower and upoper limits

of integration of dosages i and j mag min/m--, respec-
tively.

The observed values vary over over several orders of magnitude so that a
rather wide range of conditions can be checked against the calculations.
One indication of the degree of agreement is given by the average ratio
of calculated to observed values. As can be seen in Table 2, these
approximate unity with a maximum value of about 2 and a minimum value
of .92.

Table 3 is a different summary of the data given in Table 2 and shows
that for 128 cases the computed value was within a factor of 2 of the
observation for 71% to 78% of the occasions tested.

TABLE 3: COMPARISON OF OBSERVED AND CALCULATED PROPERTIES FOR SINGLE
MUNITIONS (POINT SOURCE MODEL)

-or rel- Regres-
Prop- No. of Coeff. sion Avg. Ratio, % Cases With
erty Cases of Logs Slope Cal'd/Obs'd Ratios Within

Ai) 54 .92 1.02 1.19 52 78 89

E(i-j) 74 .92 .99 1.24 55 71 89

A(i) - area data for all dosage levels, 30-second and total dosage.
E(i-j) - represents all similarly available E-value data.
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Another series of experiments, conducted with various elements of a
rocket battalion, was used to study applicability of the calculations
to an operational scale problem. The dosage field for a single rocket was
computed for the meteorological conditions of each experiment, and then
built up to the composite pattern by making use of the actual rocket im-
pact distribution in order to predict on-target surprise (30-second)
dosages. Total dosage fields were calculated and the results are shown
in Table 4.

TABLE 4: COMPARISON OF OBSERVED DOSAGE FIELD PROPERTIE
WITH THOSE CALCULATED FOR MULTIPLE MUNITIONS

No. of Range of Avg. Ratio

Property Tests Observations Cal'd/Obs'd

60-minute A(40) 13 (1) lx0 4 - 4xlO6  1.34

60-minute A(1O0) 13(1) 4x10 3 - 2x10 6  2.05

30-second A(40) 14(2) 4x1O3 - 4x10 5  1.37

30-second A(100) 14(2) ixlO3 - 3xlO5  2.09

(1) Includes: 5 single-launcher tests with 25 rounds
per test
2 platoon tests with 150 rounds per test
5 battery tests with 300 rounds per test
1 battalion test with 900 rounds

(2) Includes: above plus one additional battalion test

The preceding examples involve relatively limited distances of travel,
ranging from several hundred yards for small single munitions up to the
order of 10-15 miles for the large scale battalion fire. The parameter
values, derived from data extending only over several hundred yards,
appear to predict the dosage field reasonably well out to these latter
distances. It is of interest therefore to examine their possible appli-
cation to even greater distances. Several series of experiments are
available which provide observations over ranges up to 300 miles. These
data were obtained by use of particles of fluorescent pigment (ZrCdS)
which permit sampling with very high sensitivity, single particles being
detectable. The observed results are compared in Table 5 with those pre-
dicted for the conditions of the experiments.
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TABLE 5: COMPARISO-N OF OBSERVED AND CALCULATED RISK
DOSAGES FOR LONG DISTANCE TRAVEL OF CLOUDS

Percentage of Cases

Distance No. of Avg. Ratio With Ratios Within
(Miles) Cases Cal'd/Ob'd

.67-1.5 .5-2 .33-3

3 .84 .. .. ..

1 - 10 13 1.66 38 77 85
10 -100 25 .91 52 72 84

100 - 3C0 23 .99 22 39 74

The distribution of errors for all cases tested is shown in Table 6.

TABLE 6: SUMMARY OF 296 COMPARISON

Avg. Rtio Percentage of Cases

Cal'd/Obs'd With Ratios Within
Cald/Os' .67-1.5 F.5L-2 3-

1.32 52 74 88

Now, in regard to the less ideal cases, what happens if there is heat
generated at the source? The methematics given above don't say anything
about that, and yet there are materials which burn upon release, or which
are released because of burning. In such a case, one must make additional
and more complicated analyses and computations in order to make predictions.
However, I wish to point out that an analogous problem involving heat
sources at industrial stacks has been extensively treated in the literature
so that techniques exist for handling heat sources. There is a converse
phenomenon, observed with materials possessing high vapor pressures and
latent heats of vaporization: marked cooling is produced through evapora-
tion. This was characteristic of some of the old World War II gases -
phosgene, for example. Instead of buoyant rise as with the heat source,
there is a gravity sinking and spreading of the cloud which persists until
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FIGURE 2. Schematic diagram of' hazardous agent prediction
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it warms up to the ambient atmosphere and then begins to behave in the
ideal sense treated earlier. Although these problems can be approached
by making use of the mathematical techniques developed for stack pro-
blems, specific application to your own problems seems not to have been
done.

In this final portion of the talk, I would like to speculate somewhat
and talk about diffusion instrumentation. The discussion may not be
immediately applicable, for technical, economic, and operational reasons,
to the diverse problems with which this audience is concerned. However,
I will attempt to elicit some concepts which might be reduced to prac-
tical utility as a means of minimizing your dependency on an intimate
familiarity with meteorological details. The approach I wish to take
involves consideration of the broad design features of a system of in-
strumentation capable of automatically predicting the downwind travel of
toxic vapors.

in a very general sense, we would like to make meteorological obser-
vations and use them to give some simple, readily understood indication
of potential hazards. We would also like to have observations such that,
at the instant of release of an agent, or very shortly thereafter, one
has available an assessment of the actual hazard with which he is con-
fronted, and can use this information as appropriate in order to activate
pre-determined control measures. It is clear, then, that one needs
meteorological observations, agent observations and a system which can
integrate these observations into a form capable of guiding decisions.
This integrating activity would involve the application of diffusion
theory which we have already reviewed, and trajectory analysis, i.e.,
a computation of the actual path to be followed by the cloud. Other
special guidelines that may be appropriate to the location would also
require consideration. The proposed system is schematized in Figure 2.
Measurements of wind direction, wind speed and temperature gradient are
made at a set of positions, and vapor concentrations ar6 continuously
detected and observed at another set of •positions. The volume of data
arising from such observations will necessitate automatic information
transmission and processing, so this is accordingly a fairly sophisti-
cated system. The information, therefore, feeds into the block labeled
as computer. From the computer, information must be fed to some display
to facilitate human interpretation, the exercising of judgment and
initiation of controls. In certain well defined situations, the com-
puter itself could initiate controls - that is, sound alarms, close
traffic gates, etp.

Although this sequence sounds sophisticated, I think it is interesting
to note that this is just the sequence of functions which most of you
now employ. There is much latitude, however, in regard to the complexity
of the equipment or procedures employed to physically implement the
blocks in Figure 2. We heard discussions this morning about workers who
observed wind direction by shining a spot light on a wind sock. This is

-62-



the meteorological observation. We heard people talk about visibly
observing the cloud, its height, size and displacement. This is, in
effect, an agent sensor. The computer, I presume, was someone's
judgment of how the cloud would behave. One can, of courses get ever
more sophisticated and in the final analysis choice of system com-
ponents depends on the particular job to be accomplished. However,
let us consider some possibilities. We can certainly advance beyond
the wind sock and the spotlight; we can provide graphs, charts or
nomograms, for use by an operator to permit rapid computation of
various aspects of cloud behavior provided some meteorological and
agent information is available. Even more versatility, however, is
possible with small digits1 computers. These are able to perform a
variety of computations rapidly and continuously, constantly recycling
the always current input information. The machine can compute averages
of meteorological quantities for any time period of interest. It can
compute stability ratios or employ temperature gradients to control
the selection of diffusion parameter values. From appropriate geometric
configurations of agent sensors, it is possible to obtain observations
which permit the continuous computation of source strength, i.e., the
amount of toxic material emitted into the atmosphere as a function of
time. The computed value of Q, the source strength, can then be em-
ployed by the computer to solve the diffusion equations and provide
estimates of downwind concentrations and dosages.

The output from the computer can be fed to a display board, e.g., in
the form of a wall map of the area. From multiple point wind obser-
vations a modest computer can make trajectory analyses and do a good
job of computing the path of the cloud. This will indicate whether
critical points in the surrounding geographical area of interest will
be affected. The use of the diffusion equation permits estimation of
the level of exposure to be experienced by these positions. The re-
sults can be fully and continuously indicated on the display.

If, instead of employing agent sensing, an assumption of unit source
strength is fed into the computer, the computed dosage will corres-
pond to a pollution potential. Pollution potential is a number which
has a magnitude indicating relative potential exposures at the various
positions of interest. It also indicates the relative state of the
atmosphere in respect to diffusion of the effluent.

There is another extremely interesting and useful application that can
be made of agent sensors. This involves what I would call a self-
correcting or feedback aspect of the system. You will recall that we
spoke of evaluating diffusion parameters from field tests, correlating
these with meteorology, and then using observations of meteorological
conditions to determine which parameter values to enter into the calcu-
lations. And, as we said, this practice is complicated at times by
peculiar or nonideal characteristics of the location. For example, at
Cape Canaveral there is a special shore line situation produced by the
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water-earth boundary. Air moving over the water for long distances be-
comes equilibrated to a stability condition appropriate to the sea sur-
face temperature. Upon reaching land, it immediately begins to Lndergo
a transition towards equilibration with the new surface. The equations
and parameters previously discussed do not apply to such a terrain
anomaly. However, in this and possibly other situations where topo-
graphic variations complicate cloud behavior, I believe it is possible
to employ two or three crosswind agent sampling lines to compute
diffusion pnrameters on the basis of current observations of the diffu-
sion process itself following a release into the atmosphere. This is
a direct approach which circumvents complex theoretical problems and
consists of using the observed variation in cloud properties with dis-
tance to extrapolate to greater distances. The validity of this extra-
polation will depend upon the reliability of the mathematical functions
which can be fitted to this variation. There are data whereby this
approach can be tested, and I would be quite hopeful that it would
provide a useful method for handling a difficult problem for which no
general solution currently exists,

A further comment may be made in regard to the proposed system. Various
workers have undertaken fluorescent particle investigations in order to
study diffusion and behavior at particular sites or in near-ideal lo-
cations to study the general problem of diffusion. These are fairly
costly undertakings. Fluorescent particles are admittedly effective
for tracer work, but require special instrumentaLion and difficult,
laborious counting. It would be interesting to compare the cost of such
a "one-shot" investigation with the cost of installation of a system
as proposed, which could be used to provide similar data in addition to
serving a continuing operational function.

As a concluding thought, I would like to emphasize again that, although
it appears feasible to automate certain aspects of the pollution pro-
blem by introduction of a hazardous agent prediction and warning system,
a do-it-yourself approach will not suffice. Much careful competent
meteorological study by those qualified in this particular kind of
problem, should be enlisted in order to develop procedures and systems
designed to serve the needs of each location on an individual basis.
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ICR(OWAVE RADIATION

Colonel John E. Boyow.y LNV
Chief, Professional Servicgesp Eq AFLC

I am going to discuss microwaves this morning, and if I do nothing
else, I want to bring out some of the misconceptions many people have.
I think that Colonel Feightner, when he mentioned that he didn't
think microwaves belong in the field of radiological health, probably
in other words said the same thing -- that so many people seem to
have the idea that microwaves are just another type of ionizing radia-
tion, without actually realizing what some of the differences are.
So, at the risk of insulting your intelligence, I am going to start
from the beginning and point out the electromagnetic spectrum.

SLIDE NO. 1

I am sure that you all recognize this as being, roughly., a chart
which shows the wavelength in centimeters. At the far end of the
spectrum is cosmic radiation - very high frequency energetic radiation
and short wavelengths. A,3 you move toward the other end of the
spectrum there will be gamma r3ys and X-rays, and then visible light
which occupies a very small portion of the entire spectrum, followed
by infrared radiation. Roughly, microwaves fall in the radiofrequency
portion of the spectrum; below that is the broadcast band that we are
familiar with in radio.
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SLIDE NO. 2

This slide shoz= the clectrofrecruency portion of the eleetro-Tm.gnetic
spectrum, the portion of it with which we are dealing. Any number of
terms have been given to this portion) and that is the reason why I
don't know where this term "nicrowave" came from. It's not recognized
by people in the radio business as anything that can be defined in
terms of frequency, but in the comnunications business these are
specific areas which have been given very low frequency. Starting at
the bottom, about the 30-kilocycle range, are the frequencies which
arc below 300 megacycles, that are used for ship-to-shore transmission
on the sea. Above that is the broadcast band, which is in the middle
of the frequency range at which our standard radios are transmitting
in most frequencies. Above that are high frequency and VHF, very high
frequency bands that extend up in the vicinity of about 100 megacycles.
Finally, there is UHF, ultra high frequency. Some of the television
bands are in this area. For instance, Channels 2 to 6 on your tele-
vision set run from 54 to 88 megacycles, and there is an FM broadcast
band that is 88 to 108 megacycles. In the UHF area, some other tele-
vision bands run from 174 to 890 megacycles. We are more concerned
with the band of super-high frequencies, which is getting up into
the area where some of the radar equipment operates.

I point this out particularly as it involves one of the conmon mis-
conceptions. Radar is thought of as being something altogether
different; however, you will notice that, mixed up in this frequency,
are also diathermy equipment and other types of equipment used in
medical research. For instance, diathermy has two bands of 27 and 40
megacycles, and another one of 2450 megacycles which its approximately
the same frequency band as S-band Radar, w;hich is just slightly higher
at 2600 to 3200 megacycles. We also have the L-band Radar, which is
about 100 megacycles, which approaches closely some of the television
channels, whereas the diathermy I spoke of before in the high frequency
band and shortwave bands, is of a lower frequency, approaching the
broadcast bands. Getting back to Radar again, this is the X-band,
which is about 9000 to 9500 megacycles, and is in the one-centimeter
wavelength range.

There are only small differences between these different types of
equipment. All are designed to produce a radiation which is primarily
characterized by its frequency. All of these types of transmitters
that are grouped in here, including medical ones, are characteristically
continuous wave transmitters. In other words, you turn them on, and
if you were to plot this when the power is on it would rise to a certain
power, depending upon the nature of the equipment, and continue until
you turned it off. This is in contrast to radar, which is a pulsed
affair and, if plottedpwould show a curve with peaks and intervals
between the peaks.
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SLIDE NO. 3

I am sure that most of you arc fairly well acquainted with the
fact that there is another characteristic of radar which makes it
important to us, as contrasted to other transmitting types of
devices. We want it aimed at something. In other words, we want
a very fine beam; therefore, they have designed essentially a
parabolic reflector which will do that, or do it fairly well.
There are three regions that are important from the standpoint of
determining the nature of the power density: the Near Region, or
what is also callea the Fresnel Region, the Crossover Region, and
the Far Region. Most of the time we're concerned with the Far
Region. This is the distance which is determined by dividing the
square of the diameter of the parabolic reflector by the wavelength.
This is a comparatively short distance in most of the radar equip-
ment. In this region, radiation behaves much like light; in
other words, according to the Inverse Square law. But it is a
quite different and a complicated matter to determine exactly
the radiation received by any object in the Near Zone. If
one were to plot this to illustrate this particular point, one
would find the plot always varying, depending on th& character of
the machine. As I said, it's a complicated business and probably
not of much practical importance to us here.

SLiDE NO. 4

One other point, the energy in the middle, or the axis, of the beam
and extending horizontally, would be by far the greatest. This will
depend somewhat on the type of radar equipment and also the power
level at which it is being used. But as one proceeds horizontally,
one would get a plot which would fall off markedly a short distance
from the side and then one would have another rise in the power den-
sity and then another one later on. These are spoken of as the
primary lobe, which is the one we really want. Of course, the most
ideal type of equipment would produce only the primary lobe and none
of the secondary or tertiary lobes. The only point I am trying to
make is that the major portion of the radiation energy is confined
to the very small cone in the middle of the field.

-67-



SLIDE NO. 5

One point that I %mnt to got across here is that there are effects
of some kind from all portions of the spectrum. In the X-ray region
are effects measurable in some form or another, but mostly character-
ized by ionization. Radiation from the visible spectrum affects the
retina of the eye, and it is almost exclusively limited to that.
Ultra-violet produces the well-known effect on the skin. Infrared
produces heating of the skin and subcutaneous tissues. The primary
effects of the radiofrequency portion of the spectrum are thermal.

SLIDE NO. 6

What actually is the coefficient of absorption? How much of the
inciden4 radiation in this area does one absorb, depending on its
frequency? This is one thing that we don't know a great deal about
as yet - something that would help us a good deal if we did kaow.
Somewhere in the area of 200 or 300 megacycles the human body,
because of its electrolytic nature, absozr7s radiofrequency energy
and heats most efficiently.

How does the human being or a biological organism of any kind absorb
this energy, and what happens to it? At the present time, the think-
ing is that there may possibly be three major effects. The first is
the ordinary thermal effect; second are certain specific effects;
last are electrical effects. A certain amount of evidence has
been gathered over the years to prove these concepts, at least to
some extent. A good deal of information has been developed concern-
ing the thermal effect, which is direct conversion of electrical
energy to heat. It is thought that at least in the region of about
300 megacycles that the cross section of the absorption is about 50%.
In other words, about 50% of the energy incident upon a body is
absorbed and transformed into heat. This is probably not true at
higher frequencies than that, but what this figure may be has never
been really worked out. We also have specific thermal effects which
occur in the heterogeneous types of material that have low thermal
conductivity.

The difference in the thermal conductance of bone, fat and muscle,
is significant. You get a different amount as this is absorbed
through each of these tissue layers, so there may be different
degrees of heating. This is not, the only factor involved, because at
the same time the tissue is being heated, it is also dissipating the
heat via its blood supply. This is a dynamic situation.
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There are other electrical effects that have been postulated. One
of them has to do with the electrical orientation of the polarized
nmacro- and micro-mole cules. One example is that if cells are
in a suspension and radiated, they will form a pearl chain. What
if this happens, for instance, in the blood stream with the blood
cells and you get essentially an effect of coagulation? This
hasn't been observed in vitro, but it is a possibility.

la one report that was written by Dr. Silver of the University of
California some years ago he said, "Atoms and molecules are complexes
of charge, and when placed in an electric field their charge dis-
ýribution becomes polarized. Some systems, such as many molecules
in living tissues, already have charge distributions which are
polar; that is, the center of gravity of the negative charge is
displaced from that of the positive charge. All membranes have
polar structure. In a time varying field, the polarization vibrates
and by virtue of interaction between different elements of the
molecular system the electrical energy is transformed into heat.
This is the dominant phenomenon in what might be termed the low
amplitude region. The hazard aspect of radiation in this region is
a purely theriml generation of heat. If the intensity of the radia-
tion is so low that the rate of generation of heat can be handled
by the distribution processes in the organism, the result is only
discomfort. When the intensity of radiation increases, not only
does heat generation increase, but another effect comes into play.
The enforced distribution X electrical charge under the applied
field can be so great that a complete reorganization results. This
is what is called the process of field-induced transitions. It is
particularly possible in systems comprising unsaturated bonds and
relatively free electrons and comprising loose bondings, such as
hydrogen bonds, and the interaction is only incidentally associated
with the frequency of the wave. Rather, it is one of field effect
and could be produced by static fields. The magnetic field vector
in the electromagnetic waves generally plays a secondary role in
this process. Magnetic forces are considerably smaller in magnitude,
"buL they are not entirely negligible, and in the case of large
magnetic field intensities, the force can be built up to a point
at which mechanical disruption takes place."

Since that time there has been work - some of it by Colonel Bach
at Fort Knox - in which they have gotten electrophoretic pattern
changes and increases in antigenic activity, using radiation in the
field of from 10 to 40 megacycles. This was found to be true in
very specific and narrow regions of the spectrum. This is fairly low
in terms of frequency, and below that which would normally be in-
cluded in microwave studies. There has also been some work which has
shown the disrqption of OH groups and H groups in molecules with
loose bonding of this kind. Tf this occurs to any extent, of course,
you can understand what the effects would be.
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There is another concept that might well be clarified. When we
talk about microwave radiation, the first thought is about eyes
and cataracts. I think this has come about for two reasons: one
of thew it Lhat eyes are easy to get at, easy to expose, and so
more experimental work has been done on eyes than on any other
part of an animal. I don't think that this necessarily indicates
where the hazard will be in the case of a human being, such as
a radar worker being exposed to radar energy. We know more about
eyes, it is truc, and we also know that an eye, being fairly non-
vascular, has poor ability to dissipate any heat that is produced
in it. But when one sees a person working around radar equipment,
I don't think the eye is the one organ that is going to receive
the major portion of the heat or energy absorbed within that
tissue. The only exception I can think of - and I haven't seen
this happen for years - was when they used to tune some of the
old airborne radar sets and would stic1" their head right in front
of the horn to adjust it. But devices have been put in so the
technicians don't have to do that any more. With the high-powered
equipment we have now in the fixed installations, such exposures
are totAlly unnecessary. However, with that much warning, I'll
still tell you something about eyes.

Some of the things that I think are interesting, and this illus-
trates another point, are some of the differant charcteristics of
various frequencies. One can expose an eye to infrared (this has
been done in blast furnace operations) and the infrared damage to
the eye is characteristically a cataract that occurs at the anterior
cortex of the lens. If one exposes the eye to 10,000 megacycle
radar, a cataract beginw-ng at the anterior cortex may occur.
At least this is true of rabbits' eyes. However, if it's an L
band, S band (3000 or 1000 megacycle radiation) the cataract will
be at the posterior cortex. This merely reflects the difference
in absorption which is dependent upon frequency. Another thing -
and an unfortunate thing, perhaps - with this much radiation aimed
just at the eye of a rabbit, a cataract can be produced with suf-
ficient exposure and without any apparent discomfort to the
animal whatsoever.

Another rather strange phenomenon that has been reported once
that I know of, was by Frye, in which he noticed that the human
auditory system can respond to electromagaetic radiation, or at least
a portion of it. This response is instantaneous and at low power
densities. He speaks of it as being 1/30th of the maximum safe
level at the 10-nilliwatt figure. He was dealing with 200 and 300
megacycle radiation. Whether the same is true in the L, S and X bands,
I don't know. He covered the lower half of the head with radiofre-
quency absorbent material. With the head covered in that way the
individual could tell when the radar equipment was on. He was in
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the beam and. he could hear it - "A rather high-pitched twang," as
he described it. With the top half of the head, including the ears,
covered with a radio-sound-absorbent material, then he could not
hear it. If they enclosed the antenna in a radome and rotated it
(this was so the subject could not see it) when he was swept by the
beam he could hear it; this was tested accurately many times. They
put a screen between the subject and the antenna so he could not
see it, and still he could tell when he was in the beam. This also
was repeated many times with the same result. This was the first
time I have seen anything of this kind reported. Incidentally, they
also checked this further and put sound-attenuating equipment on
so that no indication could be had indirectly from just hearing the
motors going, and the subje .t could still tell what direction the
beam was coming from,

Some work has also been done, and we often talk about it, where
one doesn't necessarily need to feel any heat while in the radar
beam and still may get into trouble. This work also, unfortunately
perhaps, was done at lower frequency ranges of 20 to 200 megacycles,
in which an excellent correlation was found between sensation and
the amount of energy to which the person was being exposed. I have
nothing to prove it, but we have known for years that this sensation
of heat has been noticed by people working around the lower frequency
transmitters, who would get out of the field if they were getting
too hot, if they knew what was happening. This was probably a good
protective mechanism if there was any danger to it at all. I am
not so sure that this is true at higher frequencies and dt the
frequencies of the L, S and X band radar.

There are many other factors which, from a practical standpoint,
get mixed up in the possible effects on a human exposed to this
radiation. I have discussed the frequency of the wavelength;
I have told you that in the lower frequencies you probably would
feel heat. Incidentally, when getting into the lower frequencies, a
human being gets relatively transparent to the radiation. A lot of
these things can be demonstrated in a practical way. If you are
working around the antenna of a radio, for instance, it doesn't make
much difference to the reception whether you are on one side of or in
front of the transmitter. But at a higher frequencies, when you are
dealing with television sets for instanceo 6his does make a difference.
You are either reflecting or absorbing the energy; your antenna isn't
getting it, so the picture and sound are no good. In higher and
higher frequencies this is even more true; it more nearly approaches
the behavior of light.
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In addition to the irradiation cycle rate, the time of exposure,
obviously, is another factor which is important. As you know, radar
is on for a few micro-seconds and then off for a relatively longer
tize - perhaps 100 times that - and then on again. But in addition
to that - and I think this is of practical importance - in radar
installations in which an antenna is sweeping a 360* are, even
though an individual is standing in front of a transmitter, the
amount of exposure that he gets is relatively small compared with
the total time that the transmitter Is on. This is important; we
tend to forget that sometimes.

Consideration should also be given to air currents. Some work has
been done in which the survival time of experimental animals was in-
creased from 17 minutes to 18- hours, merely by changing the air
currents around the animal up to 16 miles ma hour at a temperature
of 15*C. All that this means: really, is that if you have a good
air current moving past the body which is being exposed, there is
a good deal more dissipation of heat. The same is true with the
ambient temperature of a room he might be ia. TIhis is an expression
of the same idea, of course.

Another factor is body weightj the type or the mass that is being
exposed. This makes a good deal of difference when comparing
experimental animals. In the human being, it is the amount of
energy being absorbed which will affect the quantitative absorption
and which in turn determines the dissipation of excess heat.

Also, orientation may make a difference. If you have been around
these people you probably have heard them talk particularly of two
things: the feeling of heat and the tingling in the ear lobes.
Another thing, in dealing with energy of these frequencies, your
finger may act as an antenna if you put it in the beam. If it
is about a quarter of a wavelength along, the absorption of energy
will be considerable as compared to what it would be if your whole
body were lying in that field. Also, it would make a difference
whether you were lying in it lengthwise or whether you were upright
in it. Then, there is the difference in the sensitivity of different
organs and different tissues. Primarily, this has to do with the
vascularity and the ability of the organ to dissipate heat.

The last factor that would have some influence on absorption would
be the effect of reflections. This is a two-fold thing, actually.
If you go out in the field and measure the intensity of the
radiation in what is called a free field, which essentially means
measuring in space, it would be one thing; but if you are doing
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it in a terrain where there may be buildings or other such objects,
you may have reflections. In other words, some of the energy is
coming directly from the transmitter and some of it is being re-
flected against the building and back to the point of measurement.
A common phenomenon I am sure you will all recognize, is when you
are watching television and an aircraft flies over the house and the
picture flutters all over the place. This is the result of getting
two signals that are not timed exactly the same -- one being reflected
from the plane and another one coming direct. So if you are surveying
a radar site you may find areas of high intensity which would other-
wise be unexplainable.

SLTE NO. 7

One of the things that has come up frequently is the problem of
short term exposures. Some. years ago a committee came up with a
suggested maximum safe level of exposure of 10 milliwatts per square
centimeter. There has been a pood deal of argument and discussion,
not so much about the validity of it, but as to the problem of appli-
cation. According to the electronic engineers, this hasn't been too
difficult for them to live with, but there has been a good dea3. of
complaint from people who want something that has an indication of
time attached to it. I think this has some merit. In ionizing ra-
diation this is done in terms of maxismu safe working times, for
instance. This is the analogy that is uii2ally brought up. On the
other hand, nothing like this is done for a lot of other things in the
chemical business, say. Carbon monoxide has a MAC of 100 ppm,. but
nobody ever says, "Well, if you work in 1000 ppm for 10 minutes this
is all right," and follows this by drawing a nice, fancy curve which
shows that it is all right to do it that way. On the other hand, I've
never heard anybody object to anyone smoking cigarettes when they get
about 20,000 pprm CO out of every puff they take. So, getting back to
this 10 milliwatts again, I don't know whether it is really necessary
to be able to say that an exposure of 10 milliwatts is safe for two
minutes or five rinutes or whatever it might turn out to be on a
theoretical bas.is. Maybe this ought to stir up a little argurent.

I have attempted to describe to you what microwaves are, how they
are absorbed, some of the experimental work that has been done, and
what the results have been. In closing, I do want to point out at this
time that, to the best of my knowledge, I know of no one who has
received any injuries directly from exposure to radar. I refer
specifically to microwave radiation. We know of injuries from X-ray
and ionizing radiation, but not from microwave radiation.

-73-



SLIDE NO. 1

-I

J A

L: 'm

act,
J-Xm

page 
74-



SIJDE NO. 2

Jo~ m
ry I1

(A) -
- ,,Iummi

21? CI~~ 
(11

.4 ~ -T --

-Tl

T-4

C, ~. 
VI-rl-3

<ýý a

Pag 75



SLDE NO. 3

� K
* �.. rn

-� w -

1710
I �ik

�I

I.

I I'.'

'I * V

-- -- - -

I

Page 76



SLfDEi 110. 4-

7411

:vj 7
0-

~. .-Vwl

fYN.3i I2.z _

Page 7



SLIDE NO. 5

EFFECT

wrnyo z_ m
0 nn - U,

m

--4 -

0 °

33
0 r0

-- - r.g•m

.-- 4

M 0
-yl 0

to -

0

0.

Ii -

M

0 0,
>I

U-I

Pag 78



SLTE NO. 6

Eo ,

U I•

0 p

cz

LU

L"

>a

MI

0 0

u 0u

a: ;n

LU i

page 79



SLIDJE NO. 7

wl

z

II

0 0l

I I/

1/ I
w U,

/ 0
I'

/f I 6

MAA

Page 80



X-RADIATION HAZARDS FROM RADAR SETS

RADC, Griffiss AFB New York

INTRODUCTION

The problem of X-radiation from high power electronic systems has,
during the past years, become more and more severe. Not only has the
number of such high-power electronic systems sharply increased, but
there has also been a major trend toward very high or super power rf
output of these systems. Both higher peak output powers and longer
pulse lengths are required of such systems. The generation of high-
power necessitates, in general, the use of high operating voltages
in several active electronic devices, such as the switch and trans-
mitter tubes of the system. Since electrons which have been
accelerated by a high voltage will yield X-radiation upon impact on
materials, it is quite apparent that such high power tubes will gener-
ate considerable X-radiation. This X-ray problem does become more
severe both with longer pulse lengths which increase the X-ray
exposure lengths and with higher voltages which cause higher X-ray
energies.

It ii therefore apparent that the problem of X-radiation from
electron tubes is constantly becoming more and more dangerous and
that a comprehensive study of this subject is imperative.

GENERATION OF X-RADIATION

A brief review of the basic concepts of X-ray production or gener-
ation is offered so as to orient the reader to the nature of this
particular potential hazard. X-rays are a form of radiant energy
like visible light. Their distinguishing feature is the extremely
short wavelength--only about 1/100,000 of the wavelength of the
visible light or even less. It is this characteristic that is
responsible for the X-ray's ability to penetrate materials which
absorb or reflect ordinary light.

Any device capable of accelerating electrons to high energies and
subsequently causing these energetic electrons to impinge on matter,
is a generator of X-radiations. The conventional X-ray tube has
the above qualifications. The essential ingredients are a source
of electrons, the cathode, a target material, the anode, and a high
potential difference between these elements capable of accelerating
the electrons to high velocities. Other high-powered electronic
tubes such as klystrons, magnetrons. hydrogen thyratrons, etc ,
possess the basic physical parameters which allow them to act as
X-radiation generators.
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During the interaction of the energetic electrons with the
material of the target~two spectra are produced, superimposed one
on the other. One of the spectra is due entirely to the element
or elements comprising the target and is similar to the line
spectrum characteristic and concomitant with the various
incandescent gases after the passage of the light through a
spectrometer. This spectrum is termed the characteristic
spectrum. The other spectrum is the continuous spectrum and
its remarkable feature is that while it extends indefinitely
toward the long wave length, it is cut off very sharply at the
short wave length end.

The production of the characteristic and continuous X-radiations
spectra have a simple explanation. On colliding with the atoms
of the anode, or target, some of these electrons, provided they
have acquired sufficient energy, will dislodge one of the
inner electrons of a target atom, e.g., one of the K electruns.
This leaves a vacant space in the K shell, which is
immediately filled by an electron from either the L, M, or N
shells. The readjustment of the electrons is accompanied by
a decrease in the energy of the atom, and an X-ray photon is
emitted with energy just equal to this decrease. Since the
energy change is perfectly definite for atoms of a given element,
precise frequencies for the eziitttd X-rays can be predicted.
This is a line spectrum. Furthermore, it is possible to
predict just three lines in the bernes, corresponding to three
possibilities that the vacant space may have been filled by an L,
M, or N electron. The lines are referred to as KY , K• , and
K. lines. The Kelinc is produced by the transition of the L
electr•n to the vacated space in the K shell, the Kh line by an
M electron, and the E-,line by an N electron.

In addition to the K series, there are other series known as the
L, M, and N series, produced by the ejection of electrons from
the L, M, and N shells, rather than the K shell. As expected,
the electrons in these outer shells, being farther away from
the nucleus are not held as firmly as those In the K shell.
Cusequently, the other series may be excited by more slowly
moving electrons, and the photons emitted are of lower energy
and longer wave length. Actually, more charactc, Pslic lines thin
the three attributed to each series are evident if theoretical
accuracy is prescribed. Modern quantum mechanics has evolved
atomic energy level diagrams much more detailed and complete to
explain the phenomena. However, the essential features for
predicting X-ray line spectra as outlined above remain valid.

As indicated previously in addition to the characteristic
spectrum, there is a background of continuous X-radiation from
the target of the high voltage device. This is due to the



sudden deceleration of those electrons which do not happen to
eject an electron from the target material. A bombarding
electron may be brought to rest in a single process, If the
electron happens to collide head-on with an atom of the target,
or it may make a number of collisions before coming to rest,
giving up part of its energy each time. The energy lost at each
collision is radiated as an X-ray photon. Therefore, these
photons may be of any energy up to a certain maximum, namely,
that of an electron which gives up all of its energy in a
single collision.

(The wave length characteristics of the cor.tinuous _spetrurj are
quite independent of the material of the target but are
cletermincd by the yS)tae applied to the tube.) The intensity
of the continuo~.s spectr~um, for a given tube current, is
dependent both on the target material and on the applied
voltage, as well as on the thickness of the target. The
position¾ 1i._2., Lhe wave lengths of the lines of the
characteristic spectrum are determined solely by the material
of the trje; their intensity is determined, for a given
target material and tube cuzrent, by the voltage applied to the
tube.

Essentially, these basic physical conditions existing in an
ordinary X-ray tube--a beawr of electrons traveling a high speed
towards an anode, or target (in this case the collector), which
is at a very h.gh voltage and the stopping of these rapidly
moving electrons--are present in the klystron.

In a klystron two conditions of X-radiation exist - one without
rf applied to the tube and the other with rf applied. With the
high voltage impressed on the tube and without the rf drive the
beam of electrons is more concentrated throughout the body of
the tube and less likely to impinge on many random targets
giving rise to a multiplicity of X-radiation beams. X-radiation
intensity is always found to be greater and more in evidence
when the rf drive is impressedbecause of two probable reasons.
The rf voltage at the output gap adds ro the dc beam voltage,
giving rise to more intense X-radiation, and the interposition
of the rf field spreads the beeam of electrons apart as It
travels down the body of the tube.

These phenomena manifest themselves more readily when shielding
considerations are required in order to make a klystron safe
for personnel in its immediate proximity. For example, an
experimental klystron has been designed which will give a peak
output of 20 Mw. The peak voltage applied was approximately
400 kv, with peak current approximately 250 amp. The average
current evolved was approximately 30 ma.
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From available data one would predict that a klystron operating at
400 kv and 30 ma average current will produce about 1100 r/hr.
To reduct this level to the desired maximum permissible level as
allowed by USAF regulations, 2.5 mr/hr for a man working in the
vicinity of the tube 40 hrs a weekl, would require an attenuation
factor of about 4.5 x 1O5. Using information in available tables,
it is found that better than 3 cm of lead is required. Let us
assign the operating parameters of a hydrogen thyratron tube
1257 to our discussion. These woild be, 38 kv peak voltage,
2000 amp peak current with a 2.5 sec current pulse at a repetition
rate of 200 pulses/sec. In order to get an idea of average
currents for the production of X-radiation, the duty cycle will
be used, resulting in approximately 1 amp average current. While
the effective energy of this tube is rather low, 25 key, the
1 amp current would give rise to rather intense "soft"
X-radiation. Again returning to the thyratron, it is noted that
the major portion of the X-ray beam emanates in a circle through
the screen mesh of the grid-anode region. There may be
considerable latitude in X-ray radiation from tube to tube under
similar operating conditions due to variations in grid emission.
It has been reported that the 1257 has emitted X-radiation
intensities up to 10,000 mr/hr at a distance of 1 ft. from the
tube. On an average, however, 1200-1500 mr/hr would be a more
common radiation intensity.

For the most aggravated conditions 1/16 in. steel paneling would
attenuate this radiation down to a fraction of I mr/hr. Leaded
glass 1/4 inch in thickness would attenuate 10,000 mr/hr to a
negligible quantity.

Briefly, the high-power klystron operates on the principle of
velocity modulation. (It is this velocity modulation that is
required for klystron bunching action.) It consists of an
electron gun, an rf section made up of a series of resonant
cavities with drift tubes interposed, followed by an electron
collector. The electron beam generated by the electron gun is
focused through the rf section, usually by means of a magnetic
field. The electrons are then dissipated in the electron
collector

The analysis is much too simple, and because we are concerned
with a special type of X-ray generator, the klystron, the above
conclusions must be modified. Conventional tables predict X-ray
intensity on the basis )f monochromatic radiation. The klystron
produces a continuous X-ray spectrum and most of the radiation
is less penetrating than those that correspond to the limiting
400 kv energy. The second consideration has to do with the
fact that an oscillating klystron has groups of electrons
accelerated to voltages approximately twice the beam voltage, or



in this case, 800 kv. X.-radiation of greater intensity and
greater penetrating powers would therefore be produced.. The
aforementioned phenomena have made the problem somewhat complex,
as the velocity and space distribution of electrons in an
oscillating klystron cannot be predicted with any degree of
accuracy in the region beyond the third cavity. It follows that
at best the calculated thickness of lead can only be used as a
guide and the determination of safe radiation protection be
accomplished by actual experimentation.

In a tubable klystron, X-radiation output may be increased or
decreased by going through the frequency range. Physical
location of the X-radiation can be changed by beam focusing and
"peaking" with variable parameters.

BIOLOGICAL ASPECTS

From high power X-ray exposures on laboratory cultures there
appears evidence that above certain dose rate levelsjquick
destructive efforts occur. A certain amount of pessimistic
speculation as to unfavorable non-linearities or aggravated
effects of high exposure rates appears warranted and these
parameters should be studied unless one is to forever accept
the necessity of extensive shielding. In the case of high
power radars aboard certain classes of vehicles, the extra
burden of, say a thousand pounds of lead, may be quite
intolerable.

Laboratory experimentation can investigate for evidence of
pathological events after exposures to dosages representative
of radar equipment. Simultaneously, the general effect of
ionized body material should be studied. Some similarities to
r-f radiation are noteworthy: The primary or immediately obvious
result of r-f radiation is to produce tissue heating. Recent
studies, not directly concerned with biological effects, show that
physical reorientation of molecules and particles occur in r-f
fields, the specific positioning being a function of frequency,
power level, and pulse duty cycle. There is every justification
in this case for the current effort to determine whether
"reoriented" blood corpuscles and other body electrolyte
materials are are going to behave in an exactly normal way.

Similarly, in the case of pulsed ionizing radiation, also
involving radiation of high amplitude but of low integrated value,
there may be electro-chemical or physical effects potentially
damaging to living organisms, and these effects are not yet
understood. If safety to personnel is to be combined with
equipment economy and simplicity, a determination of the effects
of residual or inevitable X-radiation from peak power radar equip-
ment must be determined.
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X-RAY DEECTION

GM tubes, proportional counters, and ionization chambers share in
common the principle of ionization of a gaseous medium and
subsequent electrical detection of the charge produced. Of
these, GM tubes give the largest pulse output (of the order of
volts across 100's of K), whereas proportional counters give
only millivolts, and ion chambers give fractions of a millivolt.
In any case, it appears doubtful that even several volts output
would be sufficient to overcome likely electrical interference,
and so ionization type detectors, operated in the pulse mode, are
probably unacceptable, on this ground alone. In addition,
however, the output of GM tubes is not directly indicative of
biological hazard, although proportional counters may be used to
measure the spectrum (at low energies) from which the
biological hazard may be evaluated, but both devices are subject
to coincidence loss (especially likely in connection with pulsed
electrical devices. ) Ion chambers, when opprated in the current
mode, are the most directly indicative of biological hazard, but
require either a very high input impedance amplifier or a very
high gain amplifier (at low input impedance), again rendering
them subject to electrical interference. While GM tubes and
proportional counters can be operated in the current mode, with
relatively high outptvts, such operation does not obviate the
question of coincidence loss. Finally, all three devices are
subject to spurious ionization by high intensity or high
frequency electromagnetic radiation, and in general, any
sufficient shielding against the latter is likely to exclude an
undue portion of low energy X-radiation.

SCINTILIATION DETECTORS

Scintillation detectors may be operated in the current or the
pulse mode. If the pulse mode is desired (which it might be
for energy distribution measurements), a high gain photo-
multiplier tube is required, and this device is notably subject
to interference by even the earth's magnetic field, let alone
high intensity RF. In addition, for spectroscopic measurements,
the photo-multiplier must be held in close contact with the
scintillator, thereby preventing its being operated at a location
remote from the source of radiation. Operation in the current
mode, however, does allow use of a remote location and in
addition, if the original intensity is high enough, may permit
the use of just a photocell rather than photo-multiplier. Such
operation also obviates the question of coincidence-loss which
would otherwise be present. As to the scintillator itself, it is
to be noted that Nal is quite temperature dependent and also
subject to thermal shock, as well as being far from body-
equivalent in its response. Anthracine, stilbene, or a plastic
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scintillator would be preferable in all of these respects, but
different thicknesses would have to be used for different ranges
of X-ray energy in order to maintain body equivalence.

CONCLUSIONS,

In conclusion, let me say that for some time RADO has been aware of,
and has kept abreast of, the problem. As new equipment is developed,
continuous surveys are made to determine the extent of any hazardous
conditions that may exist. New electron tubes of the high-power variety
are investigated to determine possible X-radiation paramieters, and
quasi-membership is maintained in the tube manufacturers' Electronic
Industry Association to keep abreast of, and offer consul-tation to,
the state of the art. As a result of these activities, RADC has
generated Spec. MIL-R-9673C, entitled "X-Radiation Hazards" and has
maintained constant surveillance in the field to facilitate revisions
of specifications as they are required.

RADC at this time has an OSR requesting development of an X-radiation
monitor and alarm system. Prograraming on this task has been
accorplished, but due to the low priority which has been assigned,
funding is almost non-existent. The ME/h18 Radiacmeter has been
assigned to the same task for further developmerit and service test,
so it appears as if it also will fall by the wayside.

There is some light in this darkness, howrever; under a study contract
sponsored by ILADC, a theoretical analysis of Pulsed X-radiation
is being performed. It is our hope that from this study ire may
realize some empirical formula and possibly some design criteria
which will allow us to better cope with this adversity.

In the interim: it is felt that a firm and rtndatory educatic-..2l
program be established to instil.l in those persons directly associated
with X-ray-producing electronic devices, a better txiderstanding of
the ramifications involved.
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THE HEALTH PHYSICS PROGRAM IN THE tZAF

Ltý Col. David I. Livcrnorc, MC
Office of the Surgeon General

Washington, D.C.

I welcome this opportunity to discuss the subject of Health Physics
with this group of engineers becausc as Colonel Feightner alluded
to this area as a shred-out from Industrial Hygiene. many of these
programs are group efforts. I don't really like the word "team"
any more. It has had too much of a political connotation over the
years, and when we pick up these cliches they sometirmes tend to
lose their meaning, so I prefer to refer to this now as a "group
effort", because that is just what it is.

There is Just too much scientific knowledge extant these days for
any one person to grasp the whole field. Consequently, in the
conduct of our operations, we of necessity must keep talking to each
other so that we know what the other per3on is thinking; what his
role here is, and how we bear our relationship to him 1n his
particular function.

The term "Health Physics" is probably not as precise and specific
a term as we are tempted to believe. This term had its birth
during the Manhattan Project during World War II. I presume that
it arose simply from the fact that more physicists knew more about
this subject of radiation and its hazards than did the medical
profession, so instead of becoming medical in nature it became
health in nature and tied up with the mathemticians and physicists.
It has taken quite a few years since that time for us to grasp the
concept of radiation hazards to health and put them in their proper
perspective in the various disciplines in the medical and allied
professions.

I shall not dwell in any detail upon the specific area of interest
within the Health Physics Program, or Radiological Health Hazards
Program within the Air Force under the purview of the Medical
Service. I think it rather significant to note that nine of the
presentations in this symposium are very directly related to the
Health Physics Program. This, I am quite sure we all understand,
is not a meeting of Health Physicists. It is a meeting of Sanitary
and Industrial Hygiene Engineers. The more extensively trained
health physicist is a specialist in his own field, and he cannot
cover the entire field of Health Physics all by himself any more
than the field of medicine can be covered in all of its aspects
by any one particular specialty in the field of medicine.
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Probably our most common source of ionizing radiation which can
produce damage to human beings is that which we deliberately
apply in medicine. This is the source of ionizing radiation, our
X-ray machines, which we have at practically every Air Force
installation all over the world. We generate an awful lot of
ionizing radiation with these things, and in general, through
adequate education and training and good discipline within our
own medical activities, we maintain adequate control.

We have been quite successful in administrating our ra!diation
protection program throughout the Air Force Medibal Service
within our own particular bailiwick, avoiding not only excessive
exposures to the patient by adequate consideration by the
clinician of what X-ray procedures need to be done, but through a
process of long, difficult education we have come to the point of
protecting our own medical personnel who work around this
equipment. Just a week or so back I had a very interesting
discussion with a radiologist in Dallas whose father was a
pioneer in Radiology. When he had gotten his first X-ray
machine, he had a little boy cranking the generator. The
little fellow was well fed and eager, and early in the day would
get up around thirty or forty kilovolts on this thing. During
the course of his lifetime, the old man was estimated to have a
total body exposure of 3500 roentgens. He did have a little
dermatitis on his hands, but he died at the age of 85 without
malignancy, without leukemia.

If we looked at this great series of one, we would discover that
ionizing radiation is no problem at all, but we know statistically
that this is not the case. In our own medical organizations we
are coming to another area with increasing rapidity, another
source of ionizing radiation, and that is the medical radioiso-
topes. At the present time we are establishing our isotope
centers; we have about nine of them programmed around the world
right now so far as the diagnostic aspects of isotopology are
concerned. We deal with levels that are almost insignificant,
so far as health hazards are concerned. None the less, we have
to keep good, constant surveillance on this activity to insure
that the isotopes are appropriately handled. This falls into
the area of health physics in the management of acquisition,
licensing, storage, and disposal. The clinician himself who is
using these in diagnosis is responsible primarily, of course, for
the safety and welfare of the patients.

When we get into areas of the therapeutic use of radioisotopes,
we get into radiation hazards of a different order of magnitude -

enough so that it is necessary at times to shield the staff
working around a patient from the radiation emanating from
these sources that have been implanted.
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One area, I'm sure, that many of us recognize that has been
inadequately controlled in the past, is that of Radium. Radium,
like X-ray machines, existed before the chain reaction, and
consequently when the law was passed establishing the Atomic
Energy Commission, with its control over the dissemination of
radioisotopes, radium was expressly excluded, for the simple
reason that it existed before, ans as somebody said many,
rany years ago and quite fallaceously I'm afraid, "The
medical profession knew how to handle radium, and therefore there
was no problem at all." Of course, this fellow was totally
unaware of the fact that there have been cases of a nurse who has
a desk right across the wall from a completely inadequate PIG
containing radium and sits there month in and month out getting
a fair exposure. When her white count gets down far enough, she
becomes a problem until somebody finally finds out what is wrong.

This is becoming less of a problem, but still it is an area to
which we must pay considerable attention. We are studying the
problem right now of putting radium into the same category as the
rest of the radioisotopes whether they are naturally occurring
or artificially developed. Outside of the medical area where we
are utilizing ionizing radiation, we have an extensive and
expanding industrial base of ionizing radiation. There are many
areas in the Air Force today where industrial X-rays are used
in the examination of materiel. Radioisotopes are rather
extensively used in everything from luminous dials to marking
and measuring devices, and some of these sources achieve
considerable magnitude. We deal with multicurie sources, and these
present problems that are certainly of real consequence, so far as
the Health Physicists are concerned.

The area of research and development concerning radiation is an
extensive and an expanding one in the Air Force, and after all,
the Air Force has a monstrous research and development program
covering an extremely wide spectrum of interest and disciplines.
Radioisotopes in our research programs are used for purposes of
measurement, and in many instances become the specific subject
of the research and development. For one example, something
which is becoming pretty close to the Air Force heart these days
is the transit SNAP device. The SNAP device that went off into
orbit from the Air Force real estate happened to be owned by the
Atomic Energy Commission, but their interest extended no further
than the launching pad, and if anything happened, it was the Air
Force's responsibility to manage the health physics aspect of the
break-up of this isotope source. And here we are dealing with
Plutonium. Plutonium we know a lot about, and with appropriate
management we know that we can hndlle the problem and contain the
hazards. However, we are usually thinking of Plutonium 239 with
a half-life of 24,000 years. This SNAP device is of Plutonium 238

-91-



with a haif-life of about 90 years. The specific activity of 'this
material differs by an order of magnitude, and consequently, the
health hazards arising from this are increasel. To go on rather
quickly, the power reictors arc not only on the thogholo, rthey
are practically on the scene right now, and the Health Physics
management of the day-to-day operation of these reactors is a very
real Health Physics responsibility and activity.

I Just left the Nevada test site last night to come here. We're
back in the testing business again. We are producing radio-
activity in monstrous quantities; we're doing it underground right
now, so it's being contained. However, we have to insure that for
a long, long time to come, no individual goes into that area and
starts to drill a hole down into that stuff, not knowing that it's
there. Long time control of radioactive sources is a very real
responsibility. The Atomic Energy Commission is retaining its
own responsibility in taking care of waste disposal rather than
passing this off to the State level. I'll come back to the
discussion of the State level of radioisotope control in a moment.

We have not only our Staff and Operational Health Physics
personnel, either in the form of completely trained Health
Physicists or in personnel trained primarily in other disciplines
with an overlay of Health Physics., to handle varying levels of
responsibility. In support of this we have, of course, our
centralized laboratory facilities at Wright-Patterson , under
Captain Markarianjto provide all of the necessary laboratory
procedures on environmental samples, gas samples, body fluids,
specimens, etc. We have the benefit of quality by this centraliza-
tion because this area of activity and laboratory analysis of
radioactive materials is a very tricky one, and the number of
people competent to do this at the level of quality which the Air
Force says we must require, is in very short supply. By cross-
examination between the other national laboratories and our own
laboratory, we have maintained the standards so that we have
developed a high degree of respect outside the Air Force both
in the DOD and in industrial and university areas, for the
quality of work that this particular laboratory is doing.

Of course this laboratory also is the central point for the
processing of film badges. Although the film badge is not the end
item so far as measurement of radiation exposure is concerned,
it is one of the most important devices. One of the primary
elements of an education in Health Physics is to recognize the
deficiencies in our detection and measurement systems of dosimetry.
For efficiency in record keeping, we have all of our film badge
data located in one place. At the present time an automatic
processing system is being acquired, and already part of the data
processing equipment is in place. By the end of the year we
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should be on a completely automatic IBM system for all radiation
exposure data for our Air Force personnel world-wide.

We are working in very close coordination with the Army and the
Navy on this so that ultimately we expect practically an automatic
cross-servicing, because we find a lot of places where Army or Navy
personnel are being film badged by the Air Force and vice versa,
and if this system is fully developed, then we will have an
automatic feeding-in so that each individual's complete record
will be available at the punch of a key in one central spot.

None of the rest of the world has achieved anything like this
degree of competence in maintaining records of radiation exposures.
The Air Force, then, can be real proud of this. We are being
looked at with envy by many of the national laboratories and the
industries for being able to come up with a system by which
radiation exposures throughout a lifetime can be maintained in
this fashion.

We have certain areas of interest coming up in the future for which
the Medical Services have a fair degree of responsibility. It is
the policy of the Atomic Energy Commission to turn over the
licensing and inspection for use of radioisitopes to State
governments as soon as possible. For this purpose the AEC has
established the State Services Division which administers training
programs for state organizations so that they can develop the
competence to take over this function from the AEC. Very early
in the game we got most interested in this whole business because
we do not wish to run into the problem of trying to deal with
fifty-one different independent agencies - fifty states and the
District of Columbia. Already we've been flooded by requests from
various of these governments for listings of our radioactive cr
radiation-producing sources within their geographic territories.
We have had a DOD General Council's decision on this. We are
nice to these people; we are interested in cooperating with them.
But we just don't have the staff to go out and count every dental
X-ray machine on every Air Force Base and go back and tell them
where it is.

With the turning over of licensing and inspection responsibility
to the states, and incidentally the state of Kentucky has already
signed its agreement, I thought that the Air Force had provided
them with their top corps of physicists, but I discovered that
they did not get them. They got outbid, so that our lieutenant
got a $13,000.00 job somewhere else instead. The Air Force is
actively engaged in its own plans and programs to take over its own
inspections and licensing responsibilities as soon as the Atomic
Energy Commission is ready to get rid of it. They would like to
get rid of it as soon as possible because they figure that the
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Air Force right now have more competence to do isotope or radiation
inspection activities on Air Force installations than they do,
because they feel that their inspectors can't find them all. Pcrhaps
we can't either, but we at least have a much better chance than they
do, so they are very anxious for us to take this over. We've
already made a verbal agreement that our Air Force personnel who
will do the inspecting will spend an adequate period of time with
the AEC inspectors in the field developing the techniques of doing
these field inspections, to insure appropriate handling and
management of isotopic sources. I think here you probably can just
feel the finger already.

This level of activity is something that can be very easily
handled by an Industrial Hygiene Engineer with a reasonable overlay
of training in health physics, and that is what the so-called ten-
weeks course which has been put on at Oak Ridge a few times has
been directed toward training inspectors for State governments.
We have had less than perfect results in trying to get Air Force
personnel into the courses because we are not a State Government.
I hope that in the future that we can get the established specific
course for our own purposes so that this competence can be
improved.

Now I would like to touch on what I feel is our primary and most
fundamental requirement. The Air Force is designed to be trained,
ready and competent to fight a war on a no-notice basis. If such
a war should start with the use of nuclear weapons, then the
radiation environment becomes an overwhelming and overriding
concern. None the less, it is our responsibility to insure that
the Air Force can continue to maintain its competence in the
presence of, and in spite of, such radiation in the environment.
The people best qualified to determine what this competence can
be, are those in the Medical Service who know about the effects
of ionizing radiation and knov hw to protect against it and who
have developed a sufficient concept of what is going on, to
realize that there is a difference between radiation hazards in
a peacetime industrial situation and those in the operating
environment of a war. We are concerned only in maintaining the
active immediate competence of a combat force during wartime. It
would be very, very nice to insure that a man did not die five
years younger, but I think that this is probably a less
important problem when the possibilities of living for another
24 hours may be the major consideration. We have, therefore,
prime concern in coordinating with the proper people to insure
that our Rhelter activities are appropriate. This has become a
decent word, finaliy, after all these years. Radiation fallout
shelters are now popular. It used to be a real dirty word at a
time when evacuation was wonderful. I think things have gotten
into a much better perspective. There is a much broader
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understanding; but at base level, we find that there is a profound
void so far as a real, specific understanding of the problems is
concerned.

All too frequently we in the Medical Service stand around and wait
for other people to come around and ask us for our opinions.
There are certain areas where we must not allow ourselves this
pleasure and privilege, for the simple reason that there are
certain problems that we know about but which they don't know
exist. They are not going to ask for an answer to a question
unless they know what the question is. Again it goes back to the
old business of communication. We have got to talk to people so
they will talk to us.

About a year and a half ago there was a considerable amount of
friction insofar as the Safety programs were concerned, with the
sudden advent of this great, big safety orgaaization that just
sprang full grown into being. It took a long time of just
communicating, talking to these people until they finally could
get the understandinlg of the interrelationships of the safety
program with the Medical Servic.e program. I was very pleased at
the Safety Congress last week to discover that these people are
fully aware of this. I couldn't see any areas in which there
was a lack of concept that safety and the medical programs were
very closely interdigitated and that the safety people should
not, could not, assume medical functions, because they lacked the
competence. At least now they recognize the fact that there are
certain areas of medical interest, and I think that Colonel
Smith is very profoundly responsible for this being an engineer
in the Medical Service, living with and talking to the people
in Nuclear Safety, so that they will recognize clearly the
divisions of responsibility and certain areas in which Medical
Service must accept and assume its responsibility and functions.

Now a word aboat the personnel and training situation. We are
actively engaged of course at all times in recruiting qualified
people for advanced training. A Sanitary Industrial Hygiene
Engineer who takes a Master's Degree course in Health Physics is
a jewel to behold. The non-military groups who use health
physicists envy us considerably when they see the number of
engineers who have a master's degree in Health Physics. This is
a step above that which is available to them. Of course they
are not averse to piracy, and we have lost some of our real fine
competents. I feel at times that Colonel Al Meyer probably
expressed it adequately when he said, "I think the only answer
to our problem is just to train so damn many of them we saturate
the market." The trouble is that the market keeps expanding and
when you consider fifty-one agencies all wanting well-trained
people, so that they can handle their own licensing and regulations
organizations, we can't train them that fast for them.
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The ten-weeks course gives us competence at a different level, and
I think this limited amount of training is appropriate only if it
is appropriately applied. We can't all be fully qualified
specialists in everything, but if the individual is a well-enough
educated individual so that he can recognize his limitations, it
ought to help. Unfortunately, however, Alexander Pope was just too
correct when he said, "A little learning is a dangerous thing.
Drink deep or taste not the Pierian Spring. Shallow drafts
intoxicate the brain, and drinking deeply sobers us again."

At the higher levels of Organization Commands in the Air Force
we have a very real responsibility so far as the personnel in
this field are concerned. Good utilization of these people,
proper utilizationjis a responsibility which probably lies most
directly at the Major Command level to insure appropriate
assignment. We cannot economically or financially compete either
with other governmental agencies or with civilian industries, so
far as the salaries are concerned. So I think, again, our only
hope for maintaining our people is appropriate motivation and
utilization and this is the responsibility that falls primarily
on those of us who are on the senior level.
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MEDICAL SERVICE FUNCTIONS
IN PEACETIME NUCLEAR ACCIDENTS AND DISASTER CONTROL

Lt Col Hugh D. .ditchell, MC
Hq, Strategic Air Command

Offutt AFB, Nebraska

I realize that, because of the heavy attendance of SAC engineers, much
of what I have to say this morning will be old-hat to many of you.
However, I trust that those of you unfamiliar with this subject will
become at least minimally stimulated and informed and, in addition,
I hope that the SAC personnel are not so optimistic that they would
not find this review of some benefit.

Whether we confine ourselves to those medical service functions
associated with peacetime nuclear weapons accidents, or with any
manner of disaster, the various procedures and actions could be as
numerous as there are groups that might be involved. The things I
wish to briefly discuss represent the approach and method. utilized by
the Strategic Air Command. Fortunately, this system of response and
responsibility is not mer!ly thoughts that have been inscribed on
paper, but rather it is at least one set of proven and experienced
guidelines. While SAC is certainly not the only agency having been
involved with nuclear incidents, it has suffered to date the majority
of these situations under discussion.

While our organization is primarily prepared to deal with weapon
incidents, it is at the same time motivated and equipped to participate
in any other type of nuclear accident, or in any manner of non-nuclear
disaster. Such should be the case with any disaster control team,
going by that name or another, associated with any military or non-
military organization.

The types of weapon accidents, exclusive of the factors relative to
the carrying vehicle, and whether occurring in association with flight
or not, include fire or high explosive detonation, or both, with
virtually no effect on nuclear components; fire or high explosive
detonation, or both, with burning or dissipation of weapon components;
toxic thermal decomposition of other chemicals or materials associated
with the weapons, resulting from either of the first two types; and a
very low yield nuclear explosion. This last possibility, because of
the nature of weapons design, is considered to be a negligible hazard;
the principal hazard would result from detonation of high explosive
weapon components rather than from fission.

These accidents may occur anywhere and any time along the chain of
movement from the point of manufacture to the point of storage or
utilization. While SAC could be involved at any link along this chain,
our most common problems have centered at the base level, and primarily
in association with aircraft misadventures.
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A variety of interrelated problems arise as a result of a nuclear
weapons incident. The first consideration obviously is the saving of
life and minimizing injury to personnel involved. If the weapon should
not directly bo affected, measures must be taken to prvvuxt damage to
it or to preclude its becoming a hazard by one of the ways mentioned
earlier. Very important, but all too frequently not considered, is the
fact that off-base civilian personnel and property or on-base military
and civilian personnel and property may be involved, raising the ques-
tion of possible claims for damage. Invariably, apprehension and
concern among both military and civilian personnel becomes evident, and
a serious problem of press and public relations can result. Therefore,
response to such an incident involves medical, legal, explosive ord-
nance, engineering, security, and operational personnel, all of whom
should be properly trained, adequately equipped and operating as a
team under competent direction.

Before proceeding to a description of individual responsibilities, and
actions, it is well to review some of the hazards associated with nu-
clear weapon incidents. Mhile our weapons are designed such that there
is little likelihood of a nuclear explosion in accident situations,
the remote possibility of a small, low order nuclear detonation should
not be entirely discounted, and beta-gamma monitoring for the possible
presence of fission products is necessary. Such monitoring would also
detect certain weapon components that normally emit a small amount of
gamma radiation. In the event of an improbable low-order nuclear
detonation, high energy gamma radietion and neutrons, as well as beta-
gamma radiation from fission products, must be respected.

In instances where there is no nuclear yield, there may be contamina-
tion by uxfissioned nuclear material, notably plutonium and uranium.
These may exist as various sized fragments, including fine particulates;
should the components have been burned or fumed. Depending on the
nature of the incident, varying problems of contamination may be
created.

Dissemination of plutonium or uranium over the incident area as a re-
sult of fire, high explosive detonation, or possibly other means2 is
therefore the prime radiological hazard. Should these components ig-
nite, burn or fume, these alpha emitters may be finely deposited on
nearby and perhaps more remote surfaces.

The hazard from plutonium far outweighs that from uranium, and pro-
tective measures against plutonium will provide sufficient protection
as far as u'.anium is concerned. As is known, alpha emitting materials
do not constitute an immediate or external hazard and a so contaminated
area may at least theoretically be occupied continuously provided
certain basic procedures are observed. These materials become a
primary health hazard only when and if they enter the body. As can be
surmised, the detonation or ignition of these nuclear components
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results in a radiologically contamiLated cloud which is thence moved
under the influence of existing meteorology. While this cloud no doubt
is ominous, only under extremely rare conditions wontld personnel caught
in its path sustain a body-burden greater than the lifetime permissible
concentration. Admittedly, it is good practice to avoid entry into or
prolonged exposure in such a cloud; however, there should be no hesi-
tation on the part of emergency response personnel to so expose them-
selves, even without respiratory protection, if the situation so
warrants.

As implied earlier, nuclear weapons are associated with varying quan-
tities of high explosives. This material may detonate in the usual
manneri producing blast and thermal effects that are relatively common
knowledge. Not only are high explosives dangerous from the viewpoint
of detonation, but should they burn, the smoke and fumes may readily
contain highly toxic materials. In addition, should this material be
broken up and scattered without detonation or burning, an area
operational hazard is created since these fragments frequently become
shock or impact sensitive and may explode even if slightly disturbed.
Some explosives may even melt and flow withovt burning, then resolidify;
these residues, too, are highly sensitive to shock and impact. In
addition, the detonators themselves may continue to be shock sensitive,
all of these factors then requiring care and caution during response
and recovery efforts. Although not associated with the weapon itself,
burning fuel. from aircraft or carrying vehicles, or fires resulting
from weapon detonation, may be a casualty producing parameter.

As should be known to most of you, AF Regulation 355-7 requires each
Air Force base to develop the capability to cope with nuclear weapons
incidents. In consonance, a disaster control team has been established
both at Headquarters SAC, each numbered air force or comparable head-
quarters, and at each base. These teams consist of: a medical officer
trained or capable in nuclear medicine; a sanitary and industrial hy-
giene engineer of the medical service experienced in health physics,
hazardous toxic chemical detection, and environmental surveys; a
munitions specialist familiar with weapon design; a munitions specialist
qualified in explosive ordnance disposal; an operations analysist
qualified in weapon phenomenology; a disaster control officer and assist-
ant qualified in radiation detection monitoring and survey; an informa-
tion officer trained in the policies and procedures for handling news
releases; a civil engineering representative capable of assessing
damages to installations or civil property, and providing assistance in
affected activities in early restoration; and flying safety officials,
representatives of the Judge Advocate's Office, and other agencies as
necessary. Because of the smallness in numbers of expertly qualified
people in many of these areas, the more elaborately qualified teams will
be found at higher headquarters level.
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Suitable alternates for team members have been designated, and pro-
cedures are established for prompt activation of the team on a no-
tice basis, 24 hours a day. Air transportation is available on stand-
by, and experience has shown that, when required, the team may be ac-
tivated and airborne within thirty minutes of receipt of information.
Teams are equipped with radiation detection and environmental sampling
equipment and protective clothing, suitably packaged for air transpor-
tation.

The base teams are supported by security personnel, medical personnel,
fire fighters and other needed categories. The headquarters teams are
responsible for assessing information on an incident and giving on-the-
scene aid to base teams; observing base teams in action to evaluate
their training and performance; and to provide liaison between Head-
quarteks SAC and other agencies involved, such as the AEC, Public
Health Service or locally responsible officials.

What then are the principal responsibilities and functions of the SAC
Medical Service in response to a nuclear weapons accident? First,
this component must provide the disaster control team chief and the
CINCSAC with information on potential radiological exposure and other
hazards that may be involved in these and other disasters. Second,
there is a responsibility for advising or recommending precautionary
measures, including radiation exposure criteria, acceptable tolerances
to hazardous exposure, and control procedures. Third, to evaluate the
monitoring and survey techniques used by subordinate disaster control
personnel. Fourth, to insure that required personnel dosimetry and
physical and laboratory examinations are accomplished when indicated
on all team members, as well as all other personnel. Further, the
information must be appropriately included in the field medical re-
cords of those individuals so involved.

Fifth, the industrial hygiene engineer is generally the chief of the
monitoring element of the disaster control team and will supervise all
necessary radiological monitoring accomplished by the team. Sixth,
he also will operate air sampling equipment and will supervise collec-
tion of environmental samples for nuclear and chemical hazard analysis.
Seventh, the provision of advice to the affected base and to other
medical personnel on dosimetric procedures, physical and laboratory
examinations, and environmental testing. Eighth, maintaining liaison
with civilian health and medical agencies, such as the U. S. Public
Health Service, state and local health offices, and civilian physi-
cians. Ninth, in conjunction with operational and engineering repre-
sentatives, the providing of advice on decontamination and other
methods of hazard control. Tenth, insuring that required health
physics and industrial hygiene procedures are undertaken during salvage
and recovery operations.

-100-



What might then be the order of things to discharge these responsi-
bilities in event of such an incident While time does not permit
detailed discussion of the many facets injor connected with; the
overall disaster control team response, it is worthy to briefly men-
tion certain other facts not directly related to the medical service.
Certainly, to have effective response it is important to have three
specific and related command and control functions. These are:a
workable, rapid communications system to provide an alert and to pro-
vide the necessary information for continuing direction of the control
operation; a disaster control command post capable of assessing the
situation and directing required measures for countering the affects
of the disaster; and a well-tralned and organized team at the site
who arrive rapidly and work under the direction of a qualified on-the-
scene controller.

Disaster control operations generally are in three phases, sometimes
distinctly separated but more often overlapping or concurrent. The
first of these is the discovery of the incident with alerting of
responsible agencies, activation of disaster control teams and all
other measures necessary to activate related operations. The second
phase is the immediate reaction phase and includes fire fighting and
other emergency measures to secure the area, evacuation of personnel,

z:;; lical trentvwent. of casualt~ies, precautions to
prevent further damage to facilities or personnel, and assessment of
the immediate radiation or other toxic hazard situation. The third
phase is restoration of damage and can include salvage and recovery
of weapon system components, removal and clearance of debris, de-
contamination of areas and material, repair of damaged facilities, and
the environmental sampling and analysis that are required whether or
not contamination has occurred.

The actions in an actual incident should proceed along the following
lines. When notification is received the disaster control team should
be alerted and the location of the incident should be pinpointed in a
suitable map. Initial actions similar to those required for any other
major aircraft accident or serious occurrence should be performed,
amplified as necessary because of the increased hazard from the pre-
sence of the weapon. Medical service and other staff representatives
should proceed to the disaster control command post, reporting to the
disaster control officer. Ambulances and emergency personnel, such
as security, fire fighters, sanitary and industrial hygiene engineers,
emergency ordnance, disposal, etc., should be dispatched with radia-
tion detection and environmental sampling and other emergency equip-
ment.

The medical facility should prepare to receive casualties, and emer-
gency surgical teams and other emergency treatment units should be
activated. Normal hospital functions generally can continue. The
medical facility should be alerted if the disaster appears to threaten
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this facility by fire or detonation in its proximity. Other acti-
vities will be removing threatened aircraft or materiel. Medical ser-
vice radiac instruments should be checked and readied for operation.

When the medical service team arrives at the scene, the senior represen-
tative will report to the on-the-scene controller and the team will
prepare to receive casualties. Medical service monitors should perform
radiation surveys jointly with other monitoring personnel, and the
initial collection of environmental samples should be begun as soon as
possible.

Air police and other security forces will maintain free and unhampered
access for emergency vehicles, and at the same time restrict access to
the area by unauthorized individuals. They will also be responsible
for evacuating all disinterested personnel from within the 1500 foot
minimum safe distance line. (This is the distance which has shown to
be safe as far as blast and thermal effects are concerned.) If necess-
ary, air police should be prepared to evacuate personnel in military or
non-military sections adjacent to the incident. Medical service re-
presentatives must be prepared to advise regarding any contamination
found and the significance of such contamination.

Should gamma emitting materials be present, the medical service will
be rcuponsible for advice on operations so that minimal dose, never to
exceed 25 rem, be sustained. In this regard it can be noted that
reading up to 50mr/hr may be detected from unfissioned weapon frag-
ments.

Alpha monitoring should be started as soon as possible and if con-
tanimation is found, necessary decisions can be made calmly and without
haste. If possible, air samples should be taken during all phases of
response and recovery. These samples can be evaluated with field sur-
vey equipment and/or sent to the laboratory. Environmental samples
should be collected at the same time and given the same treatment.

Patients should be monitored, but treatment should not be delayed solely
because contamination is present on the clothing or the body. This
contamination can be removed either after or during the required thera-
peutic procedures.

Medical service representatives, usually the sanitary and industrial
hygiene engineer, should work with the civil engineering recovery team
and make recommendations regarding temporary and/or permanent fixation
of any contamination.

All requests for information and all contact with public news media
should be through the base information officer's representative. Con-
tact should be established with local and regional health officers for
the purpose of apprising these authorities of the situation and its
containment.
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From this brief and very limited description, the following iight be
a checklist for the medical service participants. Medical represen-
tatives will insure that radiation, laboratory, sampling and allied
equipment and supplies accompany the team. On arrival at the site,
the radiation monitoring element, consisting of the industrial hy-
giene engineer and representatives of the operations and materiel
directorates will verify the findings of any other teams or, in case
no monitoring has been accomplished, proceed with these procedures.

The medical officer will supervise and/or collaborate on the care and
examination of all injured personnel, and will make necessary records
and observations thereto. If contamination is discovered, provision
should be made for the collection of nasal swabs and urine specimens
from team and allied personnel; these can be analyzed with field in-
struments but also must be submitted to the Radiological Health
Laboratory.

Should gamma radiation be present, measures must be taken to preclude
accumulation of a minimal dose, not to exceed 25 rem whole body.
Whether contamination has or has not occurred, air samples will be
periodically, obtained. Environmental samples should likewise be
taken, to include vegetation, water, swipes, and debris.

Should contamination have affected crops, food stuffs or water supplies,
'the disaster control team chief should immediately be so advised and
the necessary liaison with public health agencies established. In the
absence of this contamination the medical officer still should person-
ally contact and/or accompany public health service representatives
over the area as security permits.

The medical officer also will insure that any individual who may have
been in a potential exposure situation be informed of the facts and
the degree or potential of any possible harmful effects. Local physi-
cians and health officers will be similarly apprised of the presence
or absence of any hazards and the implications therefrom.

Information will be furnished by the medical representatives to the
information officer as material for release to news media.

In the event the services of special organizations are required for
salvage and recovery efforts, medical service representatives will ob-
serve and verify the adequacy of their monitoring and sampling pro-
cedures.

All clothing, equipment and other items used by the team or allied
personnel will be evaluated and recommendations furnished regarding
the handling and disposition of these items.
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A subject in itself, and too lengthy for more than Just mention
at this time is the added responsibility of all team members,
but particularly the medical servLe, of consideration of the
medico-legal aspects of disaster operations. Almost invariably
these and related accidents are accompanied by personnel and
property damage or destruction, facts that subsequently and easily
lead to the submission of claims and suits. These damages may
nrise not only from the basic or primary accident, but as the
result of minor, moderate or severe misadventures of the emergency
responding elements. Therefore, all during the course of emergency
response, consideration must be given to this important subject and
its implications. Since a detailed discussion is not possible at this
time, your attention is invited to an article in the August issue,
Volume XXII, No. 4, of the Journal of the American Industrial Hygiene
Association entitled "Medicolegal Aspects of Disaster Operations."

In conclusion, it can be said that although incidents involving
nuclear weapons or their components will continue to be a matter
of concern for military medical personnel and certain of their civ-
ilian colleagues, there are adequate means f6r coping with these
situations. Prompt and positive response with professional compe-
tence is necessary in order to minimize public apprehension and
insure that public health and safety are adequately protected.
This response can be achieved only through knowledge, preparedness
and training in all aspects of the problem, and through development
of comprehensive and frequcntly rehearsed plans which have been
studied and integrated at all. levels.
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NEW DEV.ELOPMES IN RADIAC INSTRUMENTS

Lt Col Francis S. Smith, MSC
Directorate of Nuclear Safety Research

Kirtland APB, New Mexico

1. Introduction

a. The title of this presentation may be a misnomer as many
of the devices for detecting and measuring radioactivity that I will
comment on are not necessarily new from the standpoint that they
have just been developed. Some have been under constant development
or modification for some time now and others have not been considered,
as yet, for use by the Air Force as standard radiac. Some of the
devices that I will discuss have been in uce for some time now but
may not be familiar to some of you.

b. For those of you who are not familiar with the term ,RADIAC",

I will start by translating this term.

R- radio )

or radiation
A - activity)

D - detection

I - indication

A and

C- computation

The term RADIAC may be used either as a noun or an adjective; for
example, beta gamma radiac and radiac set.

c. The radiac instrument itself is usually referred to as a
radiacmeter. When a radiacmeter is assembled in a case with spare
parts, extra batteries, headphones, shoulder harness, calibration
check source, etc., it is called a radiac set.

d. The terms dosimeter and dose-rate meter or survey meter are
frequently used in place of the general term radinameter.

(1) A dose-rate meter or survey meter such as the G-M,
ionization chamber or scintillation type, is a radiacmeter that in-
dicates the intensity of radiation in terms of mr/hr or mrad/hr. It
is likened to the speedometer on your car which tells you the rate
of speed you are traveling.
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(2) A radiacmeter which integrates the dose rate over a
period of time in roentgens or rads is sometimes called a dosimeter
or personnel meter. It tells you the total dose one has received.
This is likened to the odometer on your car. For example: The film
budge and self-reading and non-self-reading dosimeters or pocket
ionization chambers.

2. Principles of Operation of Radiacmeters

a. All methods of radiation detection are based on the ability
of radiation to cause ionization or excitaon of an atom. Ionization
occurs when an atom gains or loses an electron. Excitation occur7
when an electron merely jumps into a higher energy orbit around the
same atom and gives off energy in the form of a pulse of electromag-
netic radiation when it falls back into its normal orbit.

b. Radiacmeters vary only in the medium in which the ionization
or excitation is permitted to take nlaee and in the method by which
this ionization or excitation is detected and indicated. There are
five classes of media in general use at the present time for radiation
detection. These are as follows:

(1) R hotoluminescence media (phosphate glass dosimetry).

(2) Photographic emulsions.

(3) Chemical decomposition media.

(4) Scintillation media (phosphors such as cadmium sulfide,
silver-activated zinc sulphide, anthracene, napthalene,
stilbene and thallium activated sodium iodide.

(5) Gases (air, argon, methane, propane, etc.).

c. Since the neutron is an uncharged particle and does not pro-
duce ionization directly, neutron detection must be based upon the
measurement of secondary effects which produce ionization.

3. Radionhotoluminescence.

a. Radiophotoluminescence is a phenomenon exhibited by certain
materials such as the silver activated phosphate glass used in the
DT-60B/PD dosimeter and in the ORNL Badge which, after being sub-
jected to ionizing radiation, fluoresce under ultra-violet light in a
spectral region different from the region in which they fluoresce be-
fore irradiation.

(1) When the glass is exposed to ionizing radiation, loosely
bound electrons are freed from negative ions and migrate through the
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glass. Some of them are trapped by intersticial silver ions to
form a special type of F-center. This F-center or photoluminescent
center csn be excited by ultra-violet light and it then returns to
ground state by cmittinig a photon in the red region.

(2) The intensity of the luminescence under ultra-violet
light is proportional to the amount of radiation the glass has re-
ceived. The property of radiophotoluminescence after irradiation
represents a permanent change in the spectral characteristics of the
glass. Therefore, this property may be utilized to advantage in
fairly high range dosimeters.

b. DT-60B/PD Personnel Dosimeter

(2) SLIDE NO. 1 shows the new DT-60B/PD personnel dosimeter.
Improvements include:

(a) Elimination of.volatile and fluorescent materials.

(b) Improvements of the optical surfaces of the glass.

(c) Replacement of painted black surfaces by fritted
surfaces which should not peel; and

(d) A different lead shield configuration to improve
the directional dependence.

(2) In the old model, lead is only on both sides of the
glass and does not cover the entire glass volume, as it does in the
new model. Difficulties were experienced in the old model due to
fluo:'escence in the seal ring and cement. Peeling of the black sur-
faces and the rough glass surface also caused erroneous readings.

(3) Phosphate glass dosimeters are highly sensitive to
thermal neutrons, but are essentially insensitive to fast neutrons.
The Los Alamos Scientific Laboratory is investigating ways to shield
phosphate glass dosimeters with Lithium-6 in hopes of making them in-
sensitive to thermal neutrons.

(a) Such a dosimeter would be useful in certain special,
but perhaps uncommon, situations where one might expect a high dose
of neutrons without a lethal dose of gamma radiation. It is not ex-
pected that the entire inventory, if any, of the MT-60 dosimeter will
be so modified because of the cost of Li-6 and because of the increase
this would cause in the size of the dosimeter.

(4) The DT-60 has a sensitivity of 0-600r with a minimum de-
tectable dose of lOr. It has an accuracy of ± 20% from 80 Kev to 1.5
Mev. The CP-95A/PD reader, which operates from a 115 volt A-C power
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supply, is required for reading the non-self-indicating personnel
dosimeter.

(a) The UP-263/PD reader, which is battery operated,
is presently being tested.

(5) Manufacturing difficulties have prevented the new
DT-60B from going into production.

4. Photographic Emulsions With Added Devices

a. Film badges of various types have been used since the be-
ginning of the Manhattan Project. The mode of inter-action of
radiation with the photographic emulsion is that of ionization.

(1) When light or other electromagnetic waves strike the
emulsion, some of the silver halide atoms of the emulsion are reduced
to free silver atoms which constitute the so-called *latent" image.
This image is developed by a suitable reducing agent (developer) and
a fixing solution is used to dissolve the residual silver halide
grains. The degree of blackening achieved depends on the emulsion
characteristics and processing conditions as well as the exposure to
radiation.

(2) The degree of darkening is measured in terms of its
optical density. This darkening is proportional to the energy of the
radiation and the radiation dose received by the film.

(3) ihoton ner~v dependence of film emulsion has been a
problem of prime concern, and many methods for overcoming or circum-
venting this characteristic have been developed. In all oases, this
has been accomplished by a system of filters or absorbers combined
into a package or "badge" which contains the film packet.

(4) If only low level neutron doses are to be encountered,
a Duclear track emulsion can be included to complement the dosimeter
film packet.

b. ORNL Badge Dosimeter (Personnel Meter)

(1) SLIDE NO. 2 shows the most recent model of the ORNL
Badge Dosimeter just put into use at ORNL this year.

(a) This badge is constructed of a butyrate plastic
and is held to the clothing by a standard alligator clip. When fully
assembled, the badge weighs approximately 33 grams and has overall
dimensions as follows: 2-1/21 x 1-3/A" x 5/16".

(b) The badge utilizes films and filters for routine
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monitorinZ and films plus foils, phosphate glass, and chemical
dosimetes for hh level monitoring. For neutron dosimetry, the
badge must be supplemented with Threshold Detector Units, which will
be discussed later.

(2) DuPont film packet 553 is used for recording darkening
caused by beta gamma and x-radiation through 4 filters in the front
of the badge (cadmium, aluminum, and two thickness of plastic), plus
2 additional filters (lead and plastic) in the rear of the badge
which are arranged in such a manner as to allow for adjus,,tments in
the event that the exposure is delivered to the back of the badge.

(a) Film density measurements behin-d the cadmium
and aluminum filters provide enetratin radiation dose data.

(b) easurements behind the 2 plastic filtert pro-
vide data for determination of the moderately penetrati•n radiations.

(c) The DuPont film packet 553 has a "hard" gamma
doseage range of 50 mrads to 500 rads. Dosage 'above this range can
be determined from the phosphate glass which has a range up to
several thousnnd rads and from the chemical dosimeter which has a
range up to 1C6 rads.

(3) Routine dosimetry is accomplished through use of
Eastmr_!jn Type A film, which is found to have a maximum usable range of
approximately 20 mrads to 10 rads from 3 Mev neutrons.

(a) For reliable neutron dose analysis above 10 rads,
the use of the sulfur, two gold foils with one of the foils surrounded
by cadmium, and an indium foil is required.

(b) The thermal flux is determined by the difference
in activation between the two gold foils, one of which is surrounded
by cadmium.

(c) The neutron flux having energies greater than
2.5 Mev is determined by measuring the activation on the sulfur pellet.

(d) The indi fol is very effective as a personnel
screening device. Immediately following a nuclear accident, those
persons who have received significant exposure to neutrons may be
segregated easily by measurement of the radiation from the activated
indium foil. This can be done with a portable G-M survey meter if
readings are taken within 4 hours of the accident. The activated gold
serves to identify the persons exposed to neutrons. Although it is
less sensitive than the indium, it serves as a valuable complement,
since it has a much longer half life than the indium.
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c. Hurst Threshold Detector Units (MDU)

(1) SLIDE NO. 3 shows the Hurst Threshold Detector Unit
which provides an estimate of the neutron spectra in 5 energy regions.
You will recall that HB-63 shows that the RBE varies for different
neutron energies. Therefore, the intensity of the various energies
in the neutron spectrum must be known to compute the dose.

(a) In the Hurst TDU, a Boron-iC shield is used to
avoid thermal neutron activation of the Np-237, 11-238 and Pu-239. The
cavity is lined with 25 mil cadmium to capture neutrons which may be
moderated by the boron.

(b) The fast flux and energy distribution of neutrons
are determined by fission and activation analysis of Pu-239, Np-237,
U-238, and a S-32 pellet in the ORNL badge, which together provide
measurements of flux above 1 kw, 0.75 Mev, 1.5 Mev and 2.5 Mev, re-
spectively.

(2) The TDU's, along with the ORNL badge are located in
fixed positions in areas where nuclear accidents are considered
possible. They are placed so that the neutron and gamma environments
of the accident may be reconstructed.

(a) The sulfur and gold components of the badge are
activated by neutrons such that counting techniques permit deter-
mination of the thermal neutron exposure from the two gold foils, and
high energy (greater than 2.5 Mev) neutron exposures from the sulfur.

(b) Exposure to intermediate energy neutrons is de-
termined by normalizing the data from the badge to that of the TDU
located in the vicinity of the badge wearer, or by fitting the data
from the badge to the spectrum at the point of exposure, if such is
known.

5. Chemical Decomposition Media Radiacmeters

a. As radiation is capable of causing ionization, it is possible
to use the ionization produced in a chemical system as an indication
of the amount of radiation received.

(1) This is done in the case of chemical decomposition
indicators wherein ions produced by radiation combine chemically to
form new compounds or to change chemical characteristics from thosE
existing in the pre-irradiation stage.
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(2) An inherent drawback of chemical decomposition eys-
tems is the fact that the sensitivity to radiation is quite low. It
requires on the order of 25 i£uwetgens of x- or gamma radiation before
any detectable chemical change is induced. Consequently, these
systems are best suited for measuring the dose from large sources of
radiation or for nuclear accident or disaster control monitoring
purposes.

b. USAF Chemical Dosimeter

(1) SLIDE NO. 4 shows the TCE (tetrachloroethylene) two-
phase USAF Chemical Dosimeter.

(a) This two-phase chemical dosimeter is prepared by
overlaying tetrachloroethylene (perchloroethylene) with a dye water
so!ution. Anhydrous tetrachloroethyjene responds to x- and gamma
radiation to produce water soluble hydrochloric acids in proportion
to the radiation absorbed. This formation of acid decreased the pH.
By using a suitable indicator such as Chlor Phenol Red, it is possible
to ascertain the absorbed dose by visual. comparison or color change
against a standard, by back titrating with a standard base, or by
spectrophotometric evaluation. The spectrophotometric technique offers
the greatest accuracy and the ampoules do not have to be opened as
they do in the titration method. Thus more permanent records are
available.

(2) The TCE dosimeter system provides for measuring dosages
over a range of 25 to 2xyl 6 rads in a mixed radiation field. With
the addition of a stabilizing agent, such as Ionol, the TCE is rate in-
ýseendel, within ± 8% from 0.5 rad/hr to 1012 rad/hr. The system is
also tejmerature independent within ± 5% from 50 C to 550C. Ener
independence is within ± 8% from 90 Key to IC Mev. The shelf life
is greater than 9 months.

(3) As fast neutron sensitivitZ is proportional to water
solubility of the TCE, this two-phase dosimeter is made relatively in-
sensitive to fast neutrons sirce the solubility of TGE in water is
less than 0.01%.

(a) The TOE two-phase system is, however, sensitive
to therma~lneutrons due to the high thermal neutron cross section
for chlorine This response can be reduced by shielding with
Lithium-6.

c. TCE Dosimeter System

(1) SLIDE NO. 5 shows the TCE Dosimeter system with Lithium
can and blast-shield assembly.
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(a) Five TCE ampoules are used to cover various por-

tions of the dose spectrum from 25 to 30,COO rads.

"6. Scintillation

a. There are certain substances such as cadmium sulfidep zinc
sulfide, anthracene, and sodium iodide, which emit light (fluoresce)
when bombarded by ionizing radiation. These substances are called
phosphors.

(1) The principle of scintillation detection of radiation
is based on the fact that phosphors scintillate when subjected to
ionizing radiation.

(a) The incident radioactive particle or photon e_
cites the molecules of the crystal or phosphor. The phosphor de-
excites and gives off a flash or photon of light in the visible
range. The intensity of light is proportional to the number and
energy of the photons or particles striking the scintillation media.

(b) These light flashes fall on the ohotocathode of
a photomultiplier tube and eject photoelectrons, which are then
further amplified by the process of secondary emission at the dy-
nodes of the tube. Output pulses may be further amplified and
applied either to a scaler or to a counting rate meter.

b. NRDL Wrist Bose Rate Meter

(1) SLIDE NO. 6 shows the NRDL Wrist Dose Rate Meter.

(a) This all solid-state type radiacmeter has a case
approximately 2-inches in diameter and less than 1-inch thick. It
is designed to measure gamma radiation between 1 and 500 r/hr, and
uses a cadmium sulfide phosphor for detecting this radiation.

(b) This wrist dosimeter is completely waterproof,
and all electronics are self-contained, including the power source,
which is a pair of rechargeable nickle-cadmium storage cells. Re-
charging is accomplished by connecting the charging plug to the
recessed terminal on the bottom of the case to a 110 V A-C, D-C
supply, two flashlight cells, or possibly a solar battery which
might even be mounted integrally with the case.

(c) To set the unit in operation, the outer ring is ro-
tated to the highest range, 0-500 r/hr. If the meter deflection is
too low, the switch is rotated to ranges in a clockwise direction
until the desired deflection is obtained. The meter has 3 ranges of
radiation intensity: 0-5, 0-50, and 0-500 r/hr. The range ring may
be rotated in either direction with no damage to the instrument.
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(d) Calibration is maintained with ± 15% for-all
combinations of temperature (-40 to +500C), humidity (0-100%), and
battery condition (1.15-1.35V).

C. PAC-IS With Pu-Gamma Probe

(1) SLIDE NO. 7_shows the Eberline PG-i plutonium-gamma
probe for the PAC-IS alpha scintillation counter. This radiac is
used for the detection of low energy photons emitted from areas con-
taminated with plutonium. It is especially useful for detecting
Pu-239 under adverse conditions, such as moisture or leaching of
Pu in soil and absorption due to dust coverage, when alpha particle
detection is impossible. It can also be used as a monitor for
Pu- contaminated puncture wounds.

(a) The probe for this radiacmeter consists of a Imm
thick thallium activated sodium iodide scintillation crystal with
a I ml aluminum window, backed by a Dumont 6467 photomultiplier.
The probe works directly from either an Eberline model PAC-lS or
PAC-lSA portable alpha counter.

(b) The characteristic x-rays of Pu-239 are capable
.of penetrating moderate thickness of water or human tissue (0.8cm
will absorb 5C%) and therefore offer a means of externally detect-
ing Pu-239 contamination that may be inside a wound or shielded by
a damp surface.

(c) Eight different levels of x-ray energy in the
_4 to 21 Kev region are reported for Pu-239. These x-rays are
produced by the internal conversion of 51- and 37- Rev gamma
radiation associated with the alpha decay of Pu-239. The high in-
ternal conversion for the 51- and 37-Kev gamma radiation of Pu-239
and the low abundance of other gamma radiation indicate that the
detectable x-rays will be more intense than the gamma radiation.
Therefore, a scintillation-type monitor that is selective to the
14 to 21 Kev x-rays appears to offer the most promise in detecting
small amounts of Pu-239.

(d) The imm thick crystal on the PG-1 probe makes
the scintillation crystal energy selective. It has a high absorp-
tion efficiency (99%) for x-rays in the 24 to 21 Kev region, and
low efficiency (40% at 100 Kev, 7% at 200 Rev) for high energy
background.

(e) By holding the probe with the crystal end up and
reading the count rate, then by turning the probe over and again
reading the count rate, the difference between the two readings is
the count rate due to low energy gamma photons. Unfortunately, it
is very difficult to calibrate this device due to the effects of high
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background radiation and due to the 60 Kev photons from Americum-241,

the daugher of Pu-241.

d. Model W,-l lutontinm V'ound Monitor

(1) SLIDE 14C. '7 shows the Eberline Model VWI-! Plutonium
Wound Monitor which is battery operated (5 RM-42 mercury batteries)
and housed in a case 11" long by 8-3/41 high by 4-1/2" deep. The
probe is the same as the PG-1 probe and with the PAC-1S counter.

(2) In addition to obtaining energy selectivity through
use of a thin (1 mm) scintillation crystal, this wound monitor can
control channel width by the use of two separate trigger circuits.
The electronics are not that of a linear pulse height analyzer,
however.

(a) The channel width is a function of the Channel
Laveol control setting, increasing as the Channel Level control is
increased. The Channel Level control is a gain control on the
amplifier. The output pulse from the amplifier is fed into two
separate trigger circuits. Trigger 1 has a fixed sensitivity, while
the sonsitivity of trigger 2 can be adjusted by the Channel Width
control. The sensitivity of the two triggers is approximately the
same with the Thannel Width control set at zero. As the control
is turned up, the trigger 2 becomes less sensitive, i.e., it takes
a lorger pulse to trigger it. This results in a range of pulse
heights which will trigger number 1 but not number 2. The output
from the two triggers is fed through emitter followers for isola-
tion, and into a differential amplifier. When a pulse is obtained,
from Trigger 1 only, the difference amplifier puts out a pulse
to a count rate trigger. This reduces background pulses or pulses
due to high energy radiation.

7. Radiacmeters Using Gas Medium for Detection of Radiation

a. Radiacmeter detectors using a gas medium (air of special
mixtures) as the method of radiation detection consist of an
enclosure filled with the gas and two conductors, the anode and
the cathode, which are insulated from each other and upon which is
impressed an electric field produced by raising the potential of
one conductor over the other. When the gas enclosure is in a
radiation field, the photons (x- or gamma-radiation) or charged
particles (alpha and beta) ionize the gas between the electrodes,
and these ions are attracted to the electrodes causing a flow of
current or discharge of the enclosure or chamber if it is used
like a condenser ion chamber.



(1) The magnitude of this current is proportional to the
radiation dose rate and is measured by suitable electrometer cir-
cuits. The chamber wall material and thickness, and the filling gas
mixture and pressure along with the design of the chamber, determine
the response of the radiacmeter to the various types and energies
of ionizing radiation.

b. "Chirpee" Perponal Radiation Monitor

(1) "Chirpee" shown in SLIDE NO, 10 is a miniature, light-
weight (3-1/2 oz.) radiation monitor that warns the user when he en-
counters an unexpected radiation field. Both visible and audible
warning signals are produced. A neon lamp at the top of the instru-
ment flashes at a rate proportional to radiation intensity. A hearing
aid earphone at the base of an air column that exists through an
opening in the side of the case chirps at the rate proportional to
radiation intensity.

(a) In the normal background of cosmic and natural
radiation, the lamp will flash and chirp once every minute or two.
In a field of 10 mr/hr, the lamp will flash and chirp about furB t~e
a second. The flashing rate increases with radiation intensity until
a saturation rate of 3,000 to 4,000 flashes per minute is reached in
fields of 1 to 10 r/hr. This permits the location of radiation sources
or the choosing of the best evacuation route in case of a radiation
accident.

(b) An important characteristic of the monitor
is the ability to maintain the alarm signals even when the radiation
level has drastically exceeded the upper limit of its dynamic range
of indication. Tests have shown that the saturation alarm rates that
are reached between 1 ano 10 r/hr are maintained as the intensity
rises to at least 3 x l00 r/hr.

(2) The radiation detector used for "Chirpee"l is a minia-
ture Geiger-Mueller counter of the halogen-quenched type. It has no
"on-off" switch, but is turned off merely by inverting the unit.
The battery is disconnected electronically by means of a mercury
switch. Thus, battery life can be extended from 6 weeks of normal
continuous use to over 6 months of 8-hour-per-day operation under
normal background conditions. As long as the monitor is worn,
there is no danger of having it accidentally in the "off" position
at a critical moment.

c. Beta-Sensitive Personnel Dosimeter

(1) SLIDE NO. 9 shows the beta-sensitive personnel dosi-
meter developed by Harry H. Hubbell at ORNL in 1957 which has just
been marketed by Victoreen Instrument Company.
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(2) This is the first time a beta-sensitive personnel
dosimeter, other than a film badge, has been made available commer-
cially. The original ORNL design shown in this slide is similar to
the Victoreen pocket chamber with the exception thUt the chamber
wall is made of aluminum or magnes'•ium with about 50% of the surface
area perforated. The iimer wall of the ORNL design is made of
7 mg/cm2 conducting paper which approximates the thin portions of
the epidermal layer of the skin. Thus, any beta dose measured in-
side this wall is essentially equal to the maximum dose received by
the Perminal layer of the skin. This personnel dosimeter has a
beta response of at least 50% of the true dose received by the
germinal layer of the skin through an epidermal layer of 7 mg/cm2 .
Multiplying the reading by two gives the maximum beta dose received.

(3) The commercial version of this beta-gamma dosimeter
uses an aluminized mylar film for the inner wall. By wearing two
dosimeters, one perforated and the other not perforated, one can
determine differential beta-gamma dose by subtracting the non-
perforated dosimeter reading from the perforated dosimeter reading
and multiplying by two. The range of these dosimeters is from 0 to
2CO mrad.

d. illlbox Wrist Dosimeter

(1) Harry H. Hubbell, Jr., et al, at ORNL in 1960, re-
leased a design for a wrist dosimeter which is shown in SLIDE NO. 11.
The device is a shallow pillbox about an inch and a half in diameter
and five-eighths of an inch high.

(2) As shown in SLIDE NO. 12, the outside is a ribbed ny-
lon cover with 5C% open area on the top and sides, and having a
vinyl liner 7 mg/cm2 in density, coated inside with colloidal graphite,
to define the sensitive volume. The insulated electrode, on the in-
side of the base, also is graphite coated. Electrical contact is
made by a rivet through the base. A metal base and the graphite
coating on the liner form the outer, grounded electrode.

(3) The final design was tested with heavily filtered
x-rays and radium gamma photons and showed a constant response within
about 20% from 20 Kev to 700 Kev. The wrist dosimeter was also
exposed to beta-particles from radioactive water solutions having
effectively infinite thickness. The electrons striking the chamber
had average energies from 52 to 694 Kev. The device showed an
approximately constant response to beta-particles of 50 ±13% over
the whole energy range when compared to the dose to the basal layer
of the epidermis.
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e. AN/PDR-52 Radlacmeter

(1) SLIDE NO. 13 shows the ANi/PDR-52 radiacmeter now under
development and testing by the U. S. Naval Radiological Defena
Laboratory. This is the first radiacmeter designed for use by the
Defense Department to measure beta dose rate in the presence of
gamma-radiation.

(2) The AN/PDR-52 radiacmeter is a dual ion-chamber type

instrument designed for detecting, indicating, and measuring:

(a) Beta radiation in the presence of gamma radiation.

(b) Beta and gamma radiation combinedp and

(a) Gamma radiation in the presence of beta radiation.

(3) SLIDE NO. 14 shows the bottom beta-sensitive ion-
chamber with window open and closed. This chamber is fitted with a
thin window (7 to 11 mg/cm2 ) which permits beta paiticles of about
100 Key to greater energy to penetrate to its gas volume. This gives
the beta chamber a "skin dose" measuring capability. The other ion
chamber, located above the beta sensitive chamber, is essentially in-
sensitive to beta particles because of the relatively heavy shielding
around it.

(4) Since the two ion-chambers are virtually identical insofar
as interaction with gamma radiation is concerned, both ion chambers will
produce nearly equal electrical currents. Therefore, the detection of
beta radiation in the presence of gamma radiation is accomplished by
polarizing oppositely the ion collection potentials supplied to the
two ion chambers so that the essentially equal electrical currents
produced by the two chambers ere opposite in iign for gamma radiation
and thus cancel. Any remaining ion current produced by beta radiation
in the beta chamber is then alone sensed by the electrometer.

(a) The AN/PDR-52 detects beta and gamma radiatlon to-
gether by using only the top ion chamber.

(5) The maximum range is 0 to 1000 rad/hr measured in 4
ranges: 0-2; 0-10; 0-100; 0-1000 rad/hr. The radiacmeter is equipped
with a push button operated 0.5 millicurie Sr-90 check source. Over-
all accuracy is ± 20%. The radiacmeter weighs 6 lbs, 2-1/2 oz. It
is 9-1/2 inches long, 4-1/2 inches wide and 4-3/4 inches high.
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f. Cutie Pie (CP-3DPi)

(1) SLIDE NO. 15 shows the CP-3Dm "Gutie Pie" manufactured
by El-Tronics, Inc., which is a NRDL modification of their standard
Cutie Pie. The ionization chamber consists of a central electrode
sealed in an air atmosphere within a 1/32-inch polyethylene wall. A
1/4-inch thick molded polyethylene boot or shield is provided with
the radiacmeter to differentiate between beta and gamma radiations.

(a) With the polyethylene boot in place, the radiac-
meter detects gamma and less than 13% beta-particles having an energy
greater than 2- Mev. With the shield removed, both beta and gamma are
detected. The beta reading may be determined by subtracting the
gamma reading from the beta-gamma reading. For general monitoring
purposes, the beta reading is a relative indication of tlie true beta
dose within t 20%. This Cutie Pie has a minor beta directional
sensitivity and maximum response to beta of energies above 0.3 Mev.
It is designed specifically for the measurement of beta and gamma
radiation from fission products.

(b) The energy dependence for x- and gamma-radiation
response for this radiacmeter is excellent. An error of less than
10% is involved through an energy range of 20 Key to 2 Mev. Thus,
this is a very fine radiac for monitoring x-ray facilities. It is
also a good radiacmeter for evaluating x-ray exposures from the
operation of electronic power tubes at radar sites such as the hy-
drogen thyratron, magnetron, and klystron tubes which operate at vol-
tages from 5 K vp to 400 K vp. The electronic circuit of the Cutie
Pie should, however, be shielded from the effects of radio frequency
(RF) waves.

(c) The range of this radiacmeter as shown on this
slide is in 4 ranges from 0-100 r/hr. A fifth pot may be installed
or one of the pots changod so that the lowest range can be from
0 to 10 mr/hr. The standard 4 ranges are from 0-100 riu'/hr, 0-1 r/hr,
0-10 r/hr and 0-100 r/hr.

g. ORNL Paper Chamber Cutie Pie

(1) SLIDE NO. 16 shows the 0RUiL Paper Chamber Cutie Pie.
This 0RNL modification of the Cutie Pie manufactured by El-Tronics
has three ranges: 0-100, 0-1000, and 0-100,000 mr/hr. Wave length
dependence is ± l10 for gamma and x-rays having an energy spectrum
of 10 Key and 2 Mev.

(2) The paper chamber is made as shown in SLIDE NO. 17. The
bakelite shell has a thickness of 1/16-inch. The paper thickness is
7 mg/cm2 . The open a-ea covered by the 7 mg/cm2 conducting paper
thickness is approximately 50% of the total bakelite shell area.
Thus, any beta dose measured through this 7 mg/cm2 paper is
essentially equal to the maximum dose received by the germinal layer
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of the skin. A meter reading gives the total gamma exposure dose
rate and approximately 50% of the bets exposure dose rate which has
energies capable of reaching the basal layer of the epidermis; i. e.,
bato-parLitles wILh energies greater than 70 Key. The 13-week rule
which permits 3 rads of gamma or 6 rads of beta radiation in 13 weeks
can be adhered to if the paper chamber dose rate meter does not give
a reading greater than approximately 6 mrad/hr for a 40-hour work
week. In other words, the dose rate meter gives an effective total
beta and gamma dose.

(3) One of the problems with the paper chamber Cutie Pie is
that electronic equilibrium is not reached for gamma radiation with
the paper chamber. A thin walled ionization chamber placed near a
gamma source; i.e., within the range of the secondary electrons will
give a reading in roentgens that is too low, because the secondary
electron radiation has not reached equilibrium with the primary gamma
radiation. Another disadvantage with the paper chamber is that it is
more subject to humidity than the standard'Cutie Pie Chamber or the
polyethylene chamber used in the CP-3DM Electronics model. This
CP-3DM model, however, is not satisfactory for measuring beta-particles
having energies below 0.3 Mev.

(4) The Cutie Pie type radiacmeters operate in the ionization
chamber region where the current produced by ionization is proportional
to the rate at which primary ions are formed in the detector, and the
voltage across the load resistor is proportional to the intensity of
the radiation measured in dose rate units. This type of radiacmeter,
therefore, becomes a true dose rate meter, as it considers intensity
and type of radiation.

h. AN/PDR-27J Radia meter

(1) SLIDE NO. i8 shows the latest model of the AN/PDRP.27
radiacmeter. This model has the following improvements over previous
AN/PDR-27 models:

(a) Both G-M tubes can be removed from the mounting
well for close-range detection of radiation. iou will recall that in
the older models, the high range probe is located inside the instru-
ment case above the dimple in the bottom of the case.

(b) Six 1-1/2 volt dry- cell batteries connected in
series furnish all the source power necessary for operation of the
instrument. At 770 F, these batteries can power the radiacmeter for
approximately 40ho•_•s of continuous operation. A transistorized
power supnly converts the 9 volt d-c power from the batteries into a
regulated 700 d-c power supply which is fed to the G-V tube in the
detector circuit.
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(2) The major disadvantage of this radiacmeter is that it
will saturate and read zero in high radiation fields. The maximum
range of 5 mrad/hr for open window beta-gamma readings is also an
undes irable ll!Ltatlou.

i. AN/PDR-43A Radiacmeter (Pulsed Geiger Survey Meter)

(1) SLIDE NO. 19 shows the AN/PDR-4_QA radiacmeter which is
a major advancement in G-M type radiacmneters. This instrument will
not saturate and read zero in high radiation fields. It is a "plsed"
Time controlled) end-window G-M type radiacmeter with Geiger tube
housed within the instrument case for measuring gamma radiation and
detecting beta radiation.

(a) The maximum range is 500 r/hr measured in three
ranges: 0-500, 0-50 and 0-5 r/hr. The meter face changes with the
position of the range selector switch showing three linear color-coded
scales. Beta-gamma radiation may be detected on these ranges by
properly positioning the function selector disk (beta shield-source
disk) located on the bottom of the instrument case.

(b) An 80 microcurie Krypton-85 source, sealed in thin
wall tubing and permanently bonded in recess of function selector
disk, is used to check the instrument ranges for response to radiation.

(c) Power is supplied for this radiacmeter by two 1-1/2
volt dry cell batteries connected in series and having a usocful life
of approximately 45 hours. The radiacmeter consists principally of
a transistorized power supply, A G-M mica end-window tube housed
within the instrument case, a non-janmuing circuit for pulsing the
Geiger tube on a preset period of time, and a computer indicator
circuit which provides a meter reading which is proportional to the
radiation field intensity irradiating the G-M tube detector element.

(d) The gamia accuracy is * 20% of true intensity from
10% full scale to full scale on each range over a temperature range
of -4 0F to +122-F. The energy response varies within 20',, from 80 Key
to 2 Mev. It is not affected by humidity nor altitude.

J. Model EP-271 Pulsed Geiger Survey Meter

(1) SLIDE NO. 20 shows the model EP-271 Pulsed Geiger
Survey Meter deusigned by Electronic Products. This radiaemeter
combines the basic electronics of the AN/PDR-43A with the thin end-
window G-M probe of the AN/PDR-27 to obtain an instrument for
measuring ganm)n radiation up to 500 mr/hr in 4 decade ranges (0.5,
5, 50, and 500).
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(a) As in the AN/PDR-27, beta-particles having energies
greater than 50 Key are detected, and alpha particles having energies
greater than 5jMe are detected. As in the AN/PDR-43, this G-M
radiacmeter does not saturate and read zero in high radiation fields.
It employs the same "pulsed" (time-controlled) non-jamming circuitry
principle as the AN/PDR-43A.

(b) With the end-window G-M probe similarly designed to the
specifications for the AN/PDR-27C end-window probe, gamma accuracy is
± 20% of true intensity from 10% full scale to full scale on each
range over a temperature range of -20 0 C to +500C. The energy response
from 80 Key to 2 Mev is flat within i 20%.

(2) This radiacmeter provides an excellent complement to the
AN/PDR-43A which cannot read gamma radiation accurately below 500 mr/hr
and eliminates the requirement for the AN/PDR-27. A set of headphones
is furnished as an accessory to the instrument to provide a means of
monitoring aurally.

k. Model E-5 OB Geiger Counter

(1) SLIDE NO. 21 shows the Eberline Model E-50GB Geiger
Counter. This radiacmeter has non-Jamming circuitry which prevents
saturation of the instrument in gamma fields up to 1000 r/hr.

(a) The E-5G0B is a transistorized portable Geiger
counter designed for monitoring beta-gamma radiation up to 200 mrhr_,
Gamma radiation may be monitored up to 2 r/hr. Five linear ranges of
C-0.2, 0-2, 0-20 and 0-200 mr/hr for beta-gamma; 0-20CC mr/hr gamma
only are provided. Earphones are provided for monitoring aurally.

(b) Two different detector tubes are used in this
radiacmeter as are used in the AN/PDR-27 radiacmeter. One small
volume tube is located inside the instrument case and is used only on
the 0 to 2000 mr/hr range for measuring gamma radiation only. The
other detector tube is mounted in an external probe and is used for
beta and gamma radiation on the four lower scales.

(2) The side-window G-M external tube on this radiacmeter
is superior to the end-window G-M probe for rapid beta-gamma screen-
ing of contaminated personnel. The side-window tube with window
closed does not have the good energy independent characteristics that
the AN/PDR-27C end-window G-M probe has.



8. Neutron Radiacmeters

a. Monitoring of neutron radiation fields is a complex under-
taking. In order to make an accurate evaluation of Lho rie doL4U
rate, the complete energy distribution must be measured. At the
present time, there are no portable radiacs, military or commercial,
capable of measuring the complete neutron spectrum. At best, one
may detect either slow or fast neutrons but not intermediate neutron
energies.

(1) Since neutrons have no charge, they do not react with
electrons to produce ionization. It is, therefore, necessary to use
indirect or secondary means to detect neutrons. To do this, the
following two types of interactions are used:

(a) Nuclear Reaction - A slow neutron enters the counter
and reacts with a boron isotope of mass 10. The boron-lO isotope
is capable of capturing slow neutrons, that is neutrons with energies
less than 1 ev, because the cross section or probability for this
reaction is extremely small for fast neutrons. The boron which is
in the ionization chamber may be either in the form of a gas such as
boron trifluoride or in the form of a thin coating of boron or a
boron compound on the sides.

1. The boron-iC atom absorbs the slow neutron in its
nucleus, thus raising its mass by one, becoming boron-li. Boron-lU
is unstable and breaks into two gieces, lithium-7 and an alpha
particle which produces the measurable ionization.

5B +0n 5 B1- 3Li + 2,4 + 2.5 Mev

J. Fast neutrons can be moderated by a paraffin
moderator into thermal neutrons so that they can be absorbed in a
boron-filled chamber operating in either the ionization or the
proportional region but not in the Geiger region so that alpha pulses
may be discriminated from the smaller pulses produced by gamma photons.
A cadmium shield is sometimes used to absorb the slow neutrons while
the paraffin moderates or slows down the fast neutrons so that they
will react with the B-i1 nuclei.

(b) Recoil Reaction (Elastic-Scatteririg. - The recoil re-
action for detecting fast neutrons is based upon the principle of
elastic scattering; that is, a neutron colliding with a proton in
polyethylene or other hydrogenous material and transferring its
momentum to the proton. The proton, in turn, then produces ioniza-
tion which can be measured by a proportional counter.
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b. ANZPDR-49 Neutron Detector

(1) SLIDE NO. 22 shows the AN/PDR-49 Neutron Detector. This
radiacmeter uses a BF3 gas-filled chamber for proportional counting.
The boron gas is enriched in the B-10 isotope. Thermal and slow neu-
trons with energies lees than 1ev react with the B-10 producing Li-7
and an alpha particle which produces the measurable ionization.

(a) For fast neutron monitoring the BF tube is covered
by a cadmium-shielded wax monitor, The cadmium absorbs the thermal
neutrons and the wax moderates the fast neutrons to thermal neutrons
which react with the B-10.

(2) The probe contains two mercury batteries, a pre-amplifier,
and a control switch in addition to the BF3 tube and the cadmium
shield and wax2 monitor. The radiacmeter cast contains a meter which
indicates n/cm _sec from 0 to 250 and must be multiplied by the range
selector setting which has OFF, XI00, XlO a~d Xl positions. This gives
the radiacmeter a range of 0 to 25,000 n/cm -sec for a radium-berylium
neutron spectrum.

(3) Other features of this radiacmeter are as follows:

(a) Meter response switch with long (15 see) and short
(4 sec) time-constant positions.

(b) A receptacle for earphones.

(c) A receptacle for the probe head.

(d) A calibration switch.

(e) Pilot light regulator (neon light indicates that
power i applied).

c. AN/PDR-47 Fast Neutron Detector

(1) SLIDE NO. 23 shows the AN/PDR-47 Fast Neutron Detector.
This radiasmeter employs a proton-recoil proportional counter for the
detecting and measuring of fast neutrons (10 Key to 10 Mev). The range
of this detector is 0 to 500 mrad/h,. A single five-position selector
turns the radiac to "INT", "O", 500, 50 and 5. For readings below
those readily readable on the 0-5 range, or for measuring of accumu-
lated dose, the range switch is placed on the "INT" position. A scale
for accumulating 200 counts is on the meter. Dividing the accumulated
count by the time in seconds gives mrad/hr exposure.
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(2) The following additional features are provided:

(a) A battery switch with five positions. OFF, WAIT,
ON, BATT CHECK l, and BATT CHECK 2.

(b) A zero control to zero the vacuum tube voltmeter
circuit.

(c) A receptacle for earphones.
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COMPARISON OF PAC-lB AND PAC-3G

Mr. William S. Johnson
Eberline Instrument Corporation

Santa Fe, New Mexico

INTRODUCTION

The comparison of the PAC-1S and PAC-3G portable alpha counters
is more easily understood when one considers the design criteria behind
each instrument. It is essential, also, to understand the nature of
'the contamination problem when dealing with alpha emitting material.
Preparatory to the discussion of the specific instruments, a brief
history of instrumentation is presented along with some "ground rules"
relating to monitoring in the fdeld.

HISTORY

It has been my opinion that the development of portable alpha instru-
mentation,through the days of the Manhattan Project and early in the
life of the Atomic Energy Comnission, lagged somewhat behind that of
devices for beta-ga-nma measurement and detection. There were, indeed,
small groups at various laboratories involved in the problem, but
there was no great agreement as to the preferred technique. For this
reason, to which must be added that of personal preference, there
existed a variety of "boxes" almost exclusively based on the principles
of the iore chamber or the air proportional probe. To a certain extent,
this situation still exists today. Both principles admit to shortcom-
ings when applied to the alpha problem. For one thing, ion chamber
models lack the sensitivity required by operating personnel in controlling
contamination satisfactorily. The air chambers suffer from eavironmental
limitations, primarily the influence of changes in humidity. Weight and
convenience in usage have been other common failings.

Interest in solving these various problem areas has taken an upswing
in the last 3 to 7 years. One of the first advances may be thought of
as wholly electronic in nature. This updated the circuits and components
to take advantage of recent developments in these fields. Of particular
importance to the individual instrument user is the fact that the weight
of an air proportional device could thus be reduced more than one-third --

from 17 pounds to slightly more than 5 pounds -- to say nothing of the
increased reliability experienced in controlled environment situations.
There remained particular circumstances still in need of adequate
instrumentation. One of these ims for routine monitoring operations in
a variety of environments and the other was for emergency or accident
conditions. These were the two areas which fostered the design of the
PAC-3G and PAC-lS, respectively. We will come back to this when con-
sidering each instrument in more detail.
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SURfACE MONITORING LIMITATIONS

Portable alpha monitoring, at best, is a physically tiring and
mentally frustrxtikig endeavor. The essence of contamination assess-
ment is to observe an instrument response in terms of activity per
unit area (the active area of the probe) and relate this response to
a possible airborne volume concentration which may be realted fur-
ther to a degree of hazard based on the best available biological
information. The surface, itself, will materially affeact an
observation since an alpha particle is easily masked by its surround-
ings. Each step in this process, therefore, requires the exercise
of human judgment and intelligence well beyond the capability of any
single electronic instrument or group of such instruments. We must
insert, alsointo this train of events the fact that we are dA.0ing
with a material certainly classified as "more toxic than lead"o to
interject an industrial hygiene term. Plutonium-239, for example
has an allowable body burden in the region of 0.5 microgram. This
is the equivalent of one-37 micron particle.

Our limitation is then, basically, that monitoring efforts are those
of contamination control as opposed to hazard evaluation. This con-
trol is the result of experienced personnel employing accepted good
practices and instrumentation, tempered by individual judgment, so
that more refined and after-the-fact determinations will not demon-
strate absorption at or near the body burden level. The PAC-IS and
PAC-3G can be useful tools in such a control program.

THE PAC-3G

Functionally, this instrument may be described as a "portable gas
proportional alpha survey meter". It has been given the additional
designation of IM-154/PDR-54 as the radiacmeter in the Radiac Set
AN/PDR-54. The introduction of a counting gas, propane, into the
probe overcomes the basic objections of an air proportional system
while improving sensitivity and specificity for alpha detection.
Background is quite low, being in the order of a few counts per
minute. The entire probe assembly is comparatively inexpensive so
that spares may be kept on hand to relieve conveniently window con-
tamination or rupture problems. It will operate equally well in
humid, dry or solvent vapor atmospheres. The short plateau of the
air probe is lengthened to 20C-250 voltsoproviding more stable and
reliable data.

Limitations of the PAC3G are mostly of the nuisance variety. The
logistics of gas supply is one. Not all transportation media can
accept the gas cylinders and there has been some concern about the
general availability of the cylinders at normal points of distri-
bution within the DOD. Both of these points, transportation and
availability, are improving.
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The plateau is altitude dependent necessitating an awareness of this
fact and the corrective action to institute. A shift of approxi-mately 30 volts per 1.000 feet change in altitude is involved. The

shape of the instrument response vs. high voltage curve is not altered,
rather a shift along the x-axis occurs which requires higher voltages
for lower altitudes and vice verba. A continuously variable adjust-
ment is mounted on the instrument panel to accomplish any high voltage
alterations.

As mentioned before, the PAC-3G was designed for routine monitoring
operations in a variety of environments. One of these environments
was not the nuclear accident where extremes of temperature and very
high levels of contamination could be encountered. The battery com-
ponent was selected for long life at temperatures above 32 0Fsince
most routine operations are conducted above freezing. Similarly,
routine operations of contamination control over personnel and equip-
ment demand detection sensitivity rather than the capability of
measuring microgram amounts. Above lC,OOC counts per minute there
will be coincidence losses in the gas proportional system. One hun-
dred thousand counts per minute relates roughly to one-third of the
proper value for a probe of 60 cm2 (the PAC-3G active probe area) at
a contamination level of 1,O0 micrograms per square meterpwhich is
the Broken Arrow number of first significance. Shields which reduce
the active probe area by one-third and one-twentieth are available
when using the PAC-3G in this connection.

It might be useful to those of you who operate at some distance from
maintenance and calibration facilitiesoto include a quick check list
for periodic evaluation of your instrument. Of course, an under-
standing of the contents of the Technical Manual is assumed. Cir-
cuit and battery operation may be checked by pulsing a high voltage
contact with an electrically insulated tool, such as a plastic-
handle screwdriver. These contacts are at the probe end of the handle,
the probe end of the cable, the cable connector on the case or the
spring-loaded contact on the chassis. With the instrument turned ON
to the Xl scale, these pulses will cause an upscale reading. Secondly,
the gas supply should be checked by igniting a flame at the probe ex-
haust port. The height uf the flame will indicate gas flow rates in
the FLUSH and OPERATE positions. Lastly, the instrument should re-
spond to an alpha source at a point close to the mid-voltage of the
plateau which is that point where minor variations in high voltage,
equally in either direction, do not result in major changes in instru-
ment response.

THE PAC-lS

Functionally, this instrument may be described as a "portable scintil-
.lation type alpha survey meter". It. has been given the additional
designation of 1M-1/PDR-60 as the radiacmeter in the Radiac Set
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AN/PDR-60. The complete set, as supplied to most of you in the Air
Force, consists of a carrying case, battery filling set, bottle of
black lacquer for minor window repairs and spare face plate assemblies
along with the PAC-IS, itself. Accessory -iteras pruvLdvd ueparately
include a battery charger and set of Pu-239 calibration sources.

The temperature range of operation has been extended in the PAC-lS
to -40OF by the use of the rechargeable wet cell battery pack. By
going to the scintillation technique, the upper limit of instrument
detection has been increased by a factor of 20 over the PAC-3G, that
is, to 2,000,000 counts per minute. These two differences make the
PAC-lS the instrument of choice in nuclear emergencies but do not ob-
viate the need for an instrument such as the PAC-3G.

Problem areas, again, are in the nuisance category. If my visits to
Air Force Bases on the west coast are any criteria, almost all diffi-
culties involve the battery pack. Explicit instructions for filling,
forming and charging are given in the Technical Manual and where
these are carefully observed the batteries have stood up extremely
well. Battery charger distribution has not followed instrument dis-
tribution exactly so that part of this problem arose early in the
program but now is much imprnved. This battery pack and charger are
not normally associated with radiacs necessitating a brief orienta-
tion of operating personnel to alert them ot this difference and its
effect on maintenance procedures.

As in the case of all alpha survey instruments, a thin window is
required to give probe integrity yet not exclude alpha particles.
This window is easily punctured. Minor punctures may be corrected
by daubing black lacquer over the affected spot. The PAC-IS is
supplied to you with spare face plate assemblies, also, to facili-
tate replacement in the field when several punctures have occurred
and reduce the active probe area below some predetermined value.
There is the other possibility that some of the cyrstals of the
phosphor (ZnS) in the face plate may have eroded away or been
abraded in handling to give a low response to a calibration source.
If all other check points such as battery voltage, discriminator
setting, probe efficiency, source strength and energy and cali-
bration potentiometer controls indicate no malfunction, the replace-
ment of the probe face is recommended. We have encountered this
situation a few times in the PMEL here at McClellan AFB.

The PAC-1S will demonstrate a response to gamma radiation which is
more sensitive than that of the PAC-3G. An awareness of this fact
will preclude false reporting of alpha contamination in actual
situations. Turning the probe over or backing away from the suspected
surface will indicate whether gamma interference is involved. If it
becomes necessary to perform an alpha survey with this interference,
it may be either subtracted out from the total instrument response,
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or electronically overcome by a change in the discriminator setting.
In this latter event, the calibration for alpha detection will change,
also, suggesting a determination of the magnitude of this change be-
fore pjoueeding with precise alpha monitoring.

Beyond the advantages of altitude independence, no warm-up time and
the extended ranges in detection and temperature capabilities, one
may find another useful feature. With the scintillation system, it
is possible to adapt a variety of auxiliary and interchangeable probes
for special applications. These will be listed in the next section
in more detail.

The following foreshortened check list may be helpful to you for the
PAC-lS. Determine the state of charge of the battery by hooking it
to the special battery charger where available. Pulsing a high volt-
age contact as described for the PAC-3G will give a coarse check of
electronics and of the battery voltage. Check the probe face for
light leaks by exposing the active area to a light source, preferably,
direct sunlight, with the instrument turned ON to the Xl scale. In
the absence of such leaks, observe the meter response on the XI scale.
Adjust the discriminator potentiometer on the front panel so approxi-
mately 1C needle "kicks" per minute occur. This is a sensitive ad-
justment so avoid over-correcting. Finally, assure a response with
an alpha source in a counting position. The plutonium clip source
on the probe will read 9,OO0-14,0 counts per minute when placed
against the protective grid network of the face plate.

ALPHA MONITORING ACCESSORIES

To familiarize you with instruments for special and limited appli-
cations, there is included a brief discussion of a Plutonium Wound
Monitor, an Alpha Floor Monitor, a Plutonium Gamma Probe and a
Filter Paper probe.

There is a weak electromagnetic radiation associated with the dis-
integration scheme of plutonium-239 which may be useful. Plutonium
lodged in breaks in the skin may be detected in situations when the
alpha particles are masked by surrounding tissue, biological fluids
or other interfering substances. It is not necessary to insert the
probe into the wound to take advantage of this more penetrating
radiation. A wound monitor based on this principle is available and
is probably of interest mostly to medical personnel. Similarly, the
principle may be applied in field monitoring when vegetation or in-
clement weather preclude detection by alpha monitoring. An inter-
changeable probe for the standard PAC-IS alpha probe may be substi-
tuted. Its sensitivity is considerably reduced over the alpha probe
and interpretation of the instrument's response must include a care-
ful consideration of other gamma emitters present either naturally
or accidentally.
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For large, flat areas, such as floors, streets, runways, or sidewalks,
it is often more efficientand certainly less tiring, to perform
alpha monitoring with a floor monitor. The instrument for this pur-
pose is basically the FAC..3G with a larger probe and wheel-mounted to
permit more area to be covered faster with the operator in an upright
position.

A very recent development has been a second interchangeable probe for
the PAC-lS with a sample drawer and counting chamber to monitor the
collection of alpha emitters on small filter paper samples, e.g.,
1-inch diameter Whatman 41 or membrane filters. The standard PAO-lS
probe can be used for this purpose but, with small, samples, the probe
face grid network masks an appreciable percentage of the total sample
area. The new probe has no such interferences. Swipe samples or
Samplair filters could be assayed in this probe, for example.

SUMMARY

A review of the two primary portable alpha survey instruments in the
Air Force, the PAC-3G and PAC-lS, in terms of design and performance
criteriaindicates that both fill a need in the total solution to
problems of alpha contamination. Each requires a generous helping of
intelligent human judgment for optimum effectiveness in a given
situation. Each has been designed to meet a particular need but, with
an understanding of the limitations, either may serve adequately under
a variety of circumstances. Several auxiliary devices have been
described briefly to broaden the picture of the tools available for
control of most alpha contaminating events, whether of deliberate or
accidental origin.
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PANEL DISCUSSION

AVIATOR 'S BR.ATHING OXYGEN

Moderator: Mr. John Bryant

Environmental Health Laboratory. Kelly AFB

Panel Members:

Mr. Joseph W. FeckeAeronautical Systems Division, Wright Patterson AFB 0hio

Colonel Cardis W. Bryan, USAFJ MSCOffice of the Surgeon, Hq USAF, Washington DC

Mr. Clayton j. Osterhout
Naval Air Station, Alameda, Calif
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MR. BRYANT:

We hope to be into our new facility about the first of the year,
and we would certainly invite any of you to drop by and see it.
We're proud of it, and I know that you will be, too. We in the
Environmental Laboratories, especially we chemists who are not
engineers, still feel that we are part of the team that Dr. Priac
mentioned yesterday, and we are working to help you in doing
your job.

We are going to try to hold this discussion on oxygen within the
time allotted so that we can tour the Environmental Health
Laboratory this afternoon. I'd like at this time to introduce tc
you the panel members.

First of all, Mr. Russell Phillips, a graduate of the Carnegie
Institute of Technology, and who is now working at Middletown AMA
and we'll let him discuss his job at Middletown later in the
program. Second, Mr. Joseph Fecke, in the cryogenic liquid
program, Engineering Aeronautical Systems Division at Wright-
Patterson AFB. Our honored guest on the panel is Mr. John
Osterhout, who in the past three years has been a real data-
provider for us in the oxygen business. Mr. Osterhout is an
Aeronautical Engineer graduate from the University of Washington.
He is now with the Navy at Alameda Air Station as project
engineer, power plant engineer, and materiel engineer. These are
your panel members, and they are qualified to answer most
questions relative to aviator's breathing oxygen. We hope to
discuss with you the complete story on liquid oxygen as developed
within the past five or six years in the Air Force. We are
going to start off with Mr. Joseph Fecke who will discusa liquid
oxygen plant operation, and what they are trying to do to clean
up the process; then Mr. Osterhout will tell us about the
analytical program they have been studying at the Alameda Air
Station. After Mr. Osterhout, Mr. Phillips will tell you about
the Air Force Procurement Specifications and how the Air Force is
helping at this time to put a clean-up system into the LOX program,
and we will then return to Mr. Fecke and ask him to explain the
new purge kits that are being developed by the Air Force. We
will let them carry the ball from there, and at the end of their
discussion, they will have a few minutes for questions. We
certainly want to keep this on as informal a basis as possible,
so at this time we'll let Mr. Fecke tell us about the oxygen
plants in general.
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MR. JOSEPH FECKE:

First of all, there is a question of just what, exactly, liquid
oxygen is. Liquid ovryen is a sort of pale, blue liquid, which
at atmospheric pressure boils at -2970 Fahrenheit. Liquid
oxygen is normally obtained by liquefication and subsequent
fractional distillation of liquid air. There are a number of
sources by which liquid oxygen can be contaminated. One source
is the actual air which enters the plant in which it is to be
liquefied. This air, of course, contains the oxygen, nitrogen,
and other gases; it also contains carbon monoxide, depending
on the location you are in. If you are in a highly
industrialized area, there may be some industrial waste gases.

Another thing which may add contamination is the decontamination
due to thermal cracking of the lubricants in the compressors
within the plant itself. Another source is the filter system
and other means within the plant to try to remove these
contaminants, and of course, as long as we have humans
operating these, they may not change the filters in proper
sequence, or they may do an inefficient job of changing them.
They may not clean the cartridge, which could permit some
contamination to the LOX. Another source of contamination is
actually a part of the inlet system, and this is the location
of the plant, which has a bearing on how clean the air is which
enters the plant. This has a direct bearing on the quality of
the oxygen which comes out of the plant.

Now, there are several means of eliminating these contaminants
which may be present in liquid oxygen. The first means is a
filter system to pull out the dust, bits, and pieces from the
inlet air to the generating plant. The second means is to
remove the C02, which is done by one of two methods; either by
washing the air with a caustic solution, or by C02 absorbers in
the liquid air line. The C02 absorbers consist of a filter
which is approximately a ten micron filter, plus some chemical
absorbers. In addition to removing the C02 , we have to remove
the moisture. The moisture is removed by a combination of
mechanical refrigeration and chemical dryers. 'here is another
method which is used in. plants which are located in
industrialized areas to remove some of the hydrocarbons and
things of this nature.. Basically, this method is a bed of either
silica gel or activated alumina which is in the product line, and
which is maintained at liquid oxygen temperatures. This removes
the majority of contaminan'ts such as C02 , hydrocarbons, except
the methane, that were not removed by the initial caustic wash.
In order to remove the methane, a catalytic oxidation filter
must be used. These catalytic oxidization filters convert the
methane to COO and water which are subsequently removed, by the
C02 and moisture removing systems.
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The Air Force, by and large, does not have the same contamination
problem with its generating plant that the commercial suppliers
do because the Air Force plants are generally located at bases
which are in more urban areas away from largo industrial complexes.
The commercial suppliers are usually located in industrial
complexes in order to be close to their principal users. The
liquid oxygen that we buy commercially must conform to specifica-
tions. The specification is MIL-027210, and until two years ago
the only requirements for this oxygen were (1) 99.5% purity;
(2) moisture which was .02 or less; (3) an odor test to determine
if there was any odor in the oxygen, strictly a sniff test;
(4) a carbon monoxide test.

About two years ago, the Navy started their work on oxygen analysis,
and we in the Air Force started revising our specifications. In
addition to the purity, the moisture, and CO and the. odor, we
added limits on trace contaminants,. These trace contaminants are
such things as C02 , methane, acetylene, ethane, ethylene, nitrous
oxide, halogenated hydrocarbons, and things of this nature. We
have limited the allowable concentration of these particular
commodities, in the case of C02 , to 5 ppm; methane is 25; acetylene
is .05, ethylene .2, ethane 2, etc. Basically, we are requiring a
very low concentration of trace contaminants. Mr. Osterhout will
now go into the analytical methods which are used to determine
these concentrations.

COLONEL DILLS:

Could you elaborate as to the basis of these particular concentra-
tion values?

Answer:

These concentrations are based on several factors. First, as you
know, all the values are well below any industrial hygiene values.
The situation in which the pilot is involved is quite different
from normal industrial situations, particularly in the case of a
SAC pilot who may be on the oxygen as much as sixteen or eighteen
hours continuously. He is also under severe stress, high altitude,
and a lot of other things which enter into it, and when he's
cruising up there, the least little amount of odor seems to be
intensified, although on the ground it might not bother him at
all. There have been occasions where people actually have become
nauseated and upset because of foul odor.

Another thing is the fact that oxygen does not stay clean. You
always have the oxygen continually being enriched in contaminants
due to the fact that the oxygen is always boiling, and its boiling
point is much lower than any of these contaminants, so as the
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oxygen boils off it leaves these contaminants behind, thus
continually enriching the remainder with contaminants. Therefore,
if bulk LOX has even moderate concentrations to begin with, you
will 6eL build-up through your system in the storage tanks,
storage carts, and the actual converter, so you have to have a
safety factor from this standpoint. Another problem is the CO?.
We have limited this to 5 ppm because of the solubility of C02 in
liquid oxygen, which is about 6 ppm. We would like to stay
below the solubility limit if we can, because once you exceed the
solubility limit, you have no guarantee whatsoever that the
sample that you get is a representative sample, because you may
have six inches of C02 laying on the bottom of the tank which
you won't get in the sample.

COLONEL DILLS:

Can manufacturers do better than is required in the specification?

Answer:

Well, actually, we have been monitoring this program somewhat
since about April or May of 1961 and by and large, the

manufacturers are meeting this; some of the manufacturers are
well below their maximwums. Or thing 42 'ntere•t•n• ; I had
suspected that increasing the quality control in the oxygen would
reflect an increase in the cost of the oxygen itself, but the
people at Middletown who buy this stuf2 tell me that there has
been no appreciable increase in the cost of the oxygen itself,
which surprised me.

COLONEL BRYAN:

Recently, we were reviewing military specifications, and I
noticed that there was a difference in the contaminants allowable
in the Air Force specif'cations and the Navy specifications. I
also noticed that the use factor in the Navy operation was much
more liberal than the Air Force use factor. Could you go into
that, or had you planned to go into that later? I would like to
add that two or three months ago we wrote a letter to AFLC
recommending that they review this problem and find out why there
was a variance, if the Air Force was a little too rigid, or the
Navy was a little bit lax, recommending that the Air Force use
the same allowable concentration in their procurement
specifications and also possibly getting together on the use
factor.
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CAPTAIN WEINBERG:

The only comment that I can make is that from what I can find out,
the Navy really has the only good set of data as far as build-up
in the system is concerned. I haven't talked to Mr. Osterhout. I
was waiting to hear his presentation with regard to whether their
use limits were just what they found, so they accepted it. Our
program on cryogenic sampling is going to get off the ground with
a new sampler that is coming into the system, and I believe that
at the present we have no good way of answering that question.

MR. BRYAN•]

Colonel Peterson suggested that the build-up in the transportation
of liquid oxygen as it comes from the manufacturer is one
concentrating element. In other words, the truck which brings
the oxygen to the base would be the first concentrating vehicle;
the storage tank would be the second. Colonel Peterson indicated
that the Navy carries this on through about three more steps! The
service cart and the converter would make it at least two more
concentrating places. They stopped at the storage tank, because
they didn't want to go to the converter and set a use limit on a
converter, because this would mean that every time the aircraft
was used, somebody would have to be checking the oxygen in the
converter to see if it met the use limit specifications. A study
is being undertaken to determine just what these build-ups are at
the various stages as they go through from one settling to the
other. In other words, if at the end of thirty days the storage
tank build-up is found to be a certain point over the use limit,
then the converter or the storage tank shoUd be purged, and the
same way with the service cart. If at the end of four weeks, we'll
say, they find that the specifications are exceeded in the use
limits in the service cart, then they will in turn purge the
service cart every four weeks and on down the line with the same
procedure for the converter. This would take, say, five days,
and at the end of every five days the converter would be purged,
so that there would really be no need to establish a use limit
in the same magnitude that the Navy has established. These are
things that Colonel Peterson and I were talking about yesterday,
and when he comes in, I'd like for him to elaborate on this a
little further.

COLONEL BRYAN:

In the case of the converter, if the Navy has a use limit of five
and we have two, who is wrong? The use limit of five is not
going to be detrimental to the pilot, because the Navy hasn't
experienced any difficulty on that. Why purge all of these tanks
and facilities unnecessarily if we can use a use limit of five
down at this converter stage? If we purge our converter at two,
we're wasting a lot of liquid oxygen.
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ANSWER:

I'm going to let Mr. Osterhout comment on this.

NE. OSTERHOrT:

I'd like to develop some of our data before we answer some of these
questions. They will be self-explanatory, I'm sure, and you can see
where we are going, and why we have gone the road that we have. On
this five times the new procurement limit, it appears that the
people in higher positions are going to set that as the limiting
factor on how much contamination we have in our aircraft. I
personally, and a few other major Air Stations who have done a
conscientious job of monitoring this thing, object very much. We
want a three-factor on all of our ingredients as being a maximum
acceptable for allowing oxygen to be used in aircraft. We have good
reason to say so. At a number of our bases that each of us have
been monitoring, we have found that we have had to get down to this
three to keep them in the clear, namely in our area with the islands
up in Washington. We've had consistent complaints on certain air-
craft almost on every flight, and we were able to clean them up by
getting down, to the three use limit on the quality of our oxygen
that is used in the aircraft. They are even working lower than
three concentration now. They are down to one and one half. They
do it by choice up there, and they have solved their problems,
where two years and three years ago they were having complaints on
every flight. Now, I'd like to develop my data here, and then you'll
see some of the answers that will be of interest.

On December 12, 1956, we had an incident at the Naval Air Station
at Alameda. A pilot flying at 20,000 feet in an airplane was
overcome by sickness. His symptoms were nausea, lack of coordination,
dizziness, and some other things that were later analyzed when he
got on the ground. Fortunately he was able to get the aircraft
back on the ground. His crew chief had to help him out of the air-
plane, and he was turned over to the medics, and on his discussion
of his symptoms and their attempted analysis, there was great
consternation. They said, "What happened to this man to make him
so violently ill?"

We at Alameda did not have the first case of sickness. It was
occurring at other places before December of 1956. However, we had
the foresight to take some standard 514 cu. in. liquid oxygen
cylinders, put a vacuum on them, take them out and open the
regulator to a continuous flow in the cockpit, purging the lines.
After we had the lines all purged out, we opened the valve in the
bottle and took in a charge of about 700 PSI into our bottles. We
did this all on the same day. The man got sick, and we had knowledge
of prior incidents in this field, so we sent these bottles that we
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took to Consolidated Electrodynamics in Pasadena for mass spectro-
meter analysis. Consolidated came back with unfavorable reports
saying there was nothing in the oxygen above 50 ppm. They could.
monitor the 50 ppm, but thoy got no results. The ted4 cost us
$300.00 and the flight of an airplane to Pasadena. We got the
samples back, and we looked around to see what we would do with
them, so we talked to the Air Pollution pebple. We sent the
three bottles to Stanford Research Institute where they had been
doing some work on air pollution. Using their infrared
spectrophotometer , they were able to come up with some very
crude numbers.

There were things in these samples of oxygen that were significant.
For instance, they got three or four hundred parts per million
of h1Vdr'7carbons. We couldn't tell what the hydrocarbons were,
but using this favorable result, I spent about $5,000.00 of Navy
money the next few months sampling a lot of airplanes in the Navy
area around Alameda, Moffett Field, Fallon, Crows Landing, and
other places, and we collected quite a bit of data, using the
Stanford instruments. We analyzed these data carefully, and
concluded that we were developing a real significant case on what
was in the oxygen that might be making people sick. In the spring
of 1957, the Navy and the Air Force held a meeting in Washington D.C.
with many of the manufacturers there, and they stated that the oxy-
gen was as good as they could make it commercially. However, we
were fortunate in having all of these data to present to them
showing their trace impurities in our liquid oxygen and explaining
that something should be done about it. We were, of course,
exploring in the dark.

The Pavy then gave me $P5,000.00 in 1957 and the fiscal year of
1958 with which I purchased an IR-4 infrared Rpectrophotometer
from Beclkman Instruments Division, and we set it up, using a
10 meter gas cell. We started in on detail analyses of everything
we could get our hands on. In the meantime, we developed some
samplers which I will tell you about in a few moments. I mlghL
say this oxygen problem has taken me half way around the world -
from California to Beirut, Lebanon, and some of my people to
Japan. We talked to a lot of pilots, medics, and we worked with
other people. It's been a real interesting project.

Here is generally what happens in a liquid oxygen container,
converter, trailer, storage tank, anything you want to name; even
an oxygen system in an airplane. We apply time across the bottom
of a graph and contamination and parts per million on the side of
the graph. As a converter goes along bleeding off LOX, we hook
the converter or the vehicle up to the infrared instrument and
watch the contaminants come off. With time we see relatively
small amounts come off until the container approaches emptiness.
On any one constituent, we have a very large slug of impurity come
off as that container goes dry, or approaches dryness. Now the
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location of this peak varies with time a little bit, depending upon
the boiling point of the particular constituent that we're talking
about. Water would be the last thing to come off, CO2 a little
earlier, and methane would be one of the earliest to come off
because it has a boiling point just above the boiling point of
liquid oxygen. The first thing that comes off in large
quantities in. testing converter bleed-off would be a high
volume of methane.

Now this phenomenon is going on in all your storage tanks. It goes
on at the manufacturer's plant, and it results in contraction of
impurities in their tanks. Most of us don't like to let our
tanks go dry, because when we do, we introduce an atmosphere of
air which results in the freezing out of C02 from this air, and
this happens in all of our tanks, carts, etc. If moisture gets
into any of these containers, we may get icing up of valves and
regulators at a later date. So, in continuous operation, the
Navy's policy is to keep LOX in the containers until they are
periodically purged. That way you do not introduce atmospheric
contaminants. However, each time we refill the container, the
trace impurities stay behind, because they have higher boiling
points than the liquid oxygen, and each time we fill the container,
we bring in some more impurities which stay in the container. The
boil-off rate on some of these containers is 20% per day just by
natural boil-off, so in five days' time you have lost one full
tank to boil-off. As you can see in noticing this phenomenon, you
will pick up trace impurities with time. A normal new container
full of oxygen will be very low in contaminants. These numbers
Lhat you see in your specifications, however, will change
drastically if the vacuum is let off the tank. It would cause
rapid evaporation of that tank, and instead of getting 25 ppm
of methane, you probably would have a 1000 ppm of methane after
thirty days, in the last parts of the tank as it goes dry.

COLONEL RAMOS:

Would you explain the reason for the line going down there to
empty. Was it purged?

MR. OSTERHOUT:

No; something else will come along after this. It's just that
methane is boiling off higher, and nitrous oxide may replace
it in time, because it will boil at just a little higher
temperature and come off in larger volumes at a little later
time than the methane.

COLONEL RAMOS:

As that line goes down, it suggests to me that purging is not
necessary.
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MR. OSTERHOUT:

That is a possibility. However, we recommend purging. We find
that it's necessary. Yuo will leave behind water and a high
CO2 atmosphere if you do not pwrge.

COLONEL LIVEMORE:

Does that imply that all transfers from one container to another
are made by going from liquid to gas back to liquid? Does it ever
get transferred as a liquid?

MR. OSTERHOtT:

It's always transferred as a liquid.

COLONEL LIVERMORE:

Well, then, this implies that by this contaminant concentrating,
it's been distilled, o ý'ai4rrn.' '.t'.l?.ation is occirrLng. If
it's transferred as a liquid, why does it concentrate?

MR. OSTERHOUT:

There is a natural boil-off in each tank, because they are vented
to the atmosphere. Heat transfer into the tank causes evaporation.

COLONEL LIV0O1RE:

So this is related to the length of time that it is stored as well
as the transfer.

MR. OSTEP•OUT:

Length of time it's stored is the factor that I'm trying to
demonstrate here as the factor of collection of trace
constituents in the container. This is just a boil-off picture as
a container goes dry. Now this same thing enters into a converter
system. A typical aircraft system looks like this; the pressure
regulator valve, a heat exchanger, and a mask. Should you get
liquid past this regulator, and it's very likely that we do, the
valve closes and we evaporate to dryness all the liquid past this
valve point, and as we are getting down to the last dregs of
what's in here, we start gett-ig trace slugs of impurities.

Another phenomenon on this thing is, as the liquid is moving
downstream, the trace impurities stay in the liquid. As the
demand of the pilot decreases, we start boiling o.e'f some of these
things at this concentrating point. We have taken a so-called flash
evaporator of not a very good design to put right at this point to
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attempt to average out the peak concentrations that result from
the closing of this valve, and the system functioning as a
vacuum system eliminates this going dry, which gives the slugs of
impurities. We have put a flash evaporator here of pretty
large volume and found that we could drop N2 0 from 400 ppm to 0.4
ppm. This is an example of poor design to put a big collecting
pool at the evaporation site.

The opposite thing to do on this is to put in a real high
intensity flash evaporator. We've put in an electrically
operated flash evaporator in conjunction with some tests we ran
from Bendix on a procurement specification for a tube flash
evaporator design. We found that if we put 3000 watts of power
in here, we could flash everything from -297 to near room
temperature. When we put a heating exchange near here and flash
from -2970 clear up to room temperature or some controlled
temperature instantaneously, we would not have any slugs of
impurities coming down the system. There is a proposal for
procuring this thing for aircraft, but the electrical people
won't give us the 3000 watts in our airplanes as we've already

asked. They are loaded electrically to the hilt, and puttirig in
a heat exchanger would have a lot of additional weight in the
airplane, and we haven't been able to convince them of its
importance. Our quality control program has improved this situation
so much that the people in procurerent have figured there's no
use adding this penalty on the aircraft system.

On this same subject again, back at the generating plant we see
LOX coming out with trace impurities, any you want to name at
this low level here. As we move to their plant storage tanks,
we find that due to this boil-off rate going on continuously, they
probably double the impurities in their liquid oxygen that they
are going to sell. The same thing is going on in their delivery
trucks. They are concentrating on their delivery trucks which
probably give as much as three times of what it was when it was
originally taken off the column. In our Navy storage tanks,
delivery trailers, aircraft, and the converter, we have the
concentration phenomenon going on, and as was explained earlier,
the contamination level in the converter gains considerably as
compared to the new oxygen produced back at the plant.

I want to talk a little bit about sampling. One of our methods
of approach to this problem is to sample liquid oxygen. Our
current method of sampling in the Navy is to take a 295 cubic
inch cylinder, put in a little tube to hold a known amount of
liquid (180 CC's), fill the tube full, and cap the container with
a screw cap and valve. We put this cap on, the liquid converts
into gas and expands into this cylinder and gives us a cylinder
pressure of about 300 POI. That is our current, classic method
of sampling. I will describe an improved sampling device later.
The sampling device just described is subject to collecting
frost on the tube as we put in the oxygen, and the frost might
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drop off into the container, giving us a high water reading or a
high CO2 reading. Very often this happens in careless sampling.

For methane, nitrous oxide and other impurities, we have very
stable results as we can repeat one right after another, and
we're satisfied with this sampler for several reasons. It costs
us about $70.00 a piece to make them. Some of the closed
systems samplers that we have procured commercially have cost
us as much as $1000.00, and if we were to replace the 2,000 samplers
over the world that we own, we would have a tremendous investment.
So, we've been sticking with the cheaper sampler in our
production sampling program for oxygen aboard ship, on land bases,
and where have you. I've Just described filling the sampler
from a delivery trailer or an aircraft trailer.

To get a sample on an airplane, we take a standard connection,
hook up to the converter, put the converter on build-up, and
we'll get LOX flowing back out in a stream. We put on some
tubing, pour it in the bottles, and when the bottle is full, we
cap it up, and we've got a sample that we have taken from the
airplane. Each airplane is different: aomrt-irnt WP h, +wviil

but I've not seen a Navy airplane that we can't take a sample
from.

The trace contaminant problem may resemble the following pattern
in normal air. We probably have around 300 ppm of C0,0 in a smoggy
city, 2 ppm of methane, 1/2 ppm of N2 0, 0.1 ppm of C3 plus C4
hydrocarbons, and you are unable to see these other things that
we often see in oxygen in normal sampling of the atmosphere with
the kind of equipment that we are using. We've seen samples that
run from 50 ppm to 400 ppm of CO2 and I might say that, by
refinement of our sampling devices, the figure has been greatly
reduced. We have actually seen methane up to 400 ppm in samples
from airplanes. However, in our system of sampling now, we
seldom see anything over 100 ppm, and only with those people who are
doing poor housekeeping will we see oxygen with 100 ppm of
methane; N2 0, 0 to 5 ppm, but we've had one producer in the
Hawaiian Islands who delivered oxygen to us with 2500 ppm of
nitrous oxide in it. He did get a contract after he cleaned up
his plant, and we are practicing good quality control with him. On
C3 + hydrocarbons, 0 to 5 and on C3 + hydrocarbons, 0 to 5, and on
C3 + we have our troubles.

Unless there are a lot of these things present, we can't tell
which hydrocarbons they are. We've seen concentrations from
0 to 50ppm of acetylene, the hydrocarbon that will blow up an
oxygen plant. The producers say that when acetylene goes over
2 ppm, they axe apt to have an explosion in their plant, because
it collects where it will react with oxygen. They are very careful
on this point; however, once in a while we do find a plant in
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which their purifying equivalent becomes saturated while they are
trying to get a change made. Ethylene has been found from 0 to 50,
and ethane from 0 to 5 ppm.

Very interesting contaminants are halogens. Very often some very
large plants in the bay area who have a Freon refrigerating
system for cooling the compressed air, have leaks in their
compressing systems, and these leaks will go right over into the
stream of air that's being compressed. This is very often the
cause of complaints. We have one base down at Guantanamo Bay,
Cuba, where a Navy-owned portable plant had a Freon refrigerating
system. Consistently, month in and month out., we had odor
complaints from pilots who used LOX from there, and our analyse:5
showed consistently that there was a Freon leak in their systems.
This is one very good area in which that instrumentation is doing
the job for us. It's going to have the capability to locate these
leaks in the process of their systems, even when these leaks are
very minute - 1 ppm in the order of which may accumulate and give
trouble.

A local proacer or Lv) in the bay Area was riaving zrouo.e puTting
a new plant on the line, and it took him about three months to
locate and correct his trouble. He had not used helium leak
detection to check out his compressing system for Freon leaks, and
us a result, they were dumping Freon into the oxygen that re were
buying. In our work with them we found that the discharge point
from the compressing system which contained the refrigeration
material was about 50 or 75 feet from the air intake for the plant,
so Freons were being discharged into the atmosphere and thrown
right back into the compressor. The producer stated to me that it
was costing, him $2,200.00 a month to buy replacement Freon for this
plant. He was making and selling oxygen to us, but we cleared our
troubles there at Moffett Field by cancelling his contract. We had
about three months of odor complaints at Moffett Field from this
one source.

Owr samplers concentrate impurities, and our Military specification
is geared to the sampler described earlier. Our numbers of
acceptance of the product are almost identical with yours; i. e.,
25 ppm methane, 0.05 ppm acetylene, etc. However, the concentrating
effect of a sampler is very important. If you are going to use our
limits, you may also be very interested in the sampler. The
sampler I will talk about is called the Cosmodyne sampler, and it
concentrates approximately half as much as does our sampling device.
"When we are ready to sample, we pass LOX in across the top and
around the cup to precool it to liquid oxygen temperature. If we
didn't do that, as soon as the liquid hit this relatively warm cup,
it would flash into a gas, and we would not have any liquid
trapped in the cup. This would present a sample that would have a
very uncertain analysis.
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The current method of sampling with the Cosmodyne is to pass liquid
over the cup as described until a nice, steady stream of liquid
oxygen evolves at the outlet. We then open the valve to allow
LOX into the cup which was cooled to LOX temperature by passing
the liquid over the top as described. We catch a full cup of
liquid, close the valve, and we've got a sample. The LOX in the
precooled cup expands into the large chamber, and you might ask,
"Well, why, when you sample like this, doesn't the liquid pour over
into the inner jacket?" A pressure differential prevents the LOX
from entering into the closed trap. When liquid oxygen evaporates,
it expands 860 times; so if you ever trap liquid oxygen in a closed
container with no expansion space, you will very likely have a
serious explosion. We control this by filling the cup with LOX
and leaving a little expansion room. You ask, "Why don't we fill
this, too?" If LOX starts spilling over, it hits the warm outer
container and immediately flashes to a gas, creating a gas pressure
in that compartment, and the gas pressure prevents any flow of
liquid out of the cup, because of the preosure difference. It is
vented to the atmosphere through the whole system.

An Air Force sampler was developed at WADC tonsisting of a little
steel chamber device with regulator valves. It also employs a
cup which is filled with a one-unit quantity of liquid oxygen by
flow-through, by opening the valve and just letting it flow and
discharge upward. When a steady stream of LOX is flowing out of
the outlet, the two valves are closed, and this one unit quantity
of liquid oxygen is allowed to expand into the container, result-
ing in a good sample of liquid oxygen that can be analyzed as a
gas. You might ask why we want to catch it in unit quantity of
liquid oxygen in any closed container. We found that if we try
to analyze the gas coming off of a pot of liquid oxygen, it will
be alinost 100% pure, because the impurities are staying behind.
They have a higher boiling temperature than liquid oxygen, and
only the liquid oxygen will come off until such time as all the
oxygen is gone, or close to it, and then the impurities will come
off. So, in order to see what's in the oxygen, we have to trap a
unit quantity of the liquid and average out by evaporation of that
unit quantity to see what's in it.

The Cosmodyne sampler considered for use by the Air Force does not
concentrate as much as our Navy sampler, which would indicate that
the Air Force Procurement specifications should be very carefully
reviewed. I notice now that you are accepting oxygen at the limit
that the Navy does, and that means that your acceptance limit on
trace impurities will be twice what ours are, because your sampler
concentrates half as much as ours does, so if you are to go up to
our limits, you would have a sample with twice the impuvities in it
that ours does. Our sampler, which is very crude and cheap, has
got quite a spread in the normal curve as compared with the
Cosmodyne, which is more accurate. However, for our purposes, and
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the pricc that we are paying for it, we feel that we are doing all
right.

When we get a concentration of a contaminant around 40 ppm with
our sampler, we will get approximately half that reading with the
Cosmodyne samplers, so when we use the Cosmodyne sampler, we've
got to take the Cosmodyne numbers and multiply by 1.73 in order
to get the correct number that we can interpret in our
specifications. This is based on probably 100 to 150 test samples
that were taken both by the Navy and the Air Force people. We
sampled and analyzed liquid oxygen from the Air Force here in
Sacramento, the SAC Command, and at Travis for approximately nine
months. They used our early Cosmodyne samplers and a correction
curve was established for this sampler.

There is a disadvantage when we go into too good a sampler. Our
instrument detectability is around 1 ppm, and if we have anything
less than 1 ppm, we aren't going to see it, so if I have a sample
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the sampler I bought from Cosmodyne, there's a tendency that
we've run ourselves out of' business, because we have not
concentrated enough contaminants to see what the impurities are
with the infrared spectrophotometer. Again I would suggest that
you review your specification limits if you are going to use the
Cosmodyne sampler and possibly interpret or crank in a
correctional factor if you are trying to line up with the Navy.

I want to talk a little bit about improved instrumentation. We
say we can see in the order of 1 ppm of impurities by infrared
analysis. A typical IR analysis would give us something like
this: methane 26, CO 41, N20 21 ppm, and nothing down below.
Infrared is not good ior water; C02 values are not too accurate
using our sampler. However, for anybody that has high CO2 in
their generating plant, it v.ill freeze it up, so we are not
going to worry about the CO if we should get CO2 values in any
sampler. Methane and the o?her things are the things that we
look at.

Now, to explore a little further, we have had cases where the
pilot complains of odors that our analysis does not explain.
Our nose works down to probably 1 part per 20 billion for certain
kinds of impurities, and our detectability in in.-trunentation is
1 ppm, so we are on the search at Alameda for parts-per-billion
detectability. We have now at Alameda two flame ionization gas
chromatographs which can see things in the same sample that we
missed with IR. For example, 16 parts per billion of ethylene,
21 parts per billion of isobutane, etc. This flame ionization
device is good basically only for hydrocarbons, but it gives you
an indication of the direction we are going.
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We have also done some work on ozone in our LOX studies. We have
never seen ozone in any production use of liquid oxygen or in any
of oULU 4iplaWRIe. I Look d 50-gullun Lraller une L•xiu, and leL IL
go completely to dryness. As it went to dryness, we got 0.3
part per billion kick out of the ozone indicator, but this was
not worth discussing. It's not in the range where it could cause
trouble, and it was representative of a lot of concentrating that
had gone on in that trailer. We never expected the ozone to be
significant.

Another device that we have used is the Titrolog instrument, but
it has not given us any data. Another device is the mass
spectrometer with which wre've riot done very well. One of our
problems with this instrument is the limit of detectability which
is normally about 50 ppm. Our nose works much lower than that
on many contaminants. We have tried to concentrate below this
50 ppm limit for the mass spectrometer by freeze-out. Freeze-out
does not work because of the limit of solubility of the
constituents in the oxygen. We can't freeze them out if they
CLC UC-LLW L.LLC LA.W.Li.. V± 0%J±.LkA .L.yJUJ . "ý IJ.VC UVILLC 9.V11C WUIXL 011

concentrating with the molecular sieve filtering device by heating
it up and boiling it off into the mass spectrometer, but we have
very little good information to date.

I want to say a little bit as I close on medical tests done on
patients' breathing oxygen with a large number of impurities.
Dr. Bartlett at Pensacola Naval Air Station ran all these tests
after we mixed the impurities. The following are some of the
data that came out of this program. 5ix Naval aviators who were
very interested in this subject breathed N2 0 at 130 ppm and
came up with only guessing accuracy on whether they were getting
a contaminated product. Also, in differentiating between pure
oxygen aid the contaminated oxygen, giving them 130) ppm of N20, we
also had only guessing accuracy. When we raised the quantity of
N20 to 145r) ppm, four out of six of these fellows had a pretty
good effectiveness in saying they were getting something that
they didn't like. We made up samples containing 9 ppm ethylene,
which is one of our suggeoted candidates for trouble, but we made
only enough samples to test three individuals with this
contaminant. One out of the three was effective and consistent
in saying that this was contaminated, and he could tell which
sample was pure and which one was impure. The other two pilots
gave nothing better than guessing accuracy on these samples. We
then raised the concentration of ethylene to 110 ppm, and all
three pilots gave only gueosing accuracy.

I don't know; the explanation for this. On a mixture of
contaminants, five subjects out of ,;ix eon•Astently guessed wrong,
and the piiot's tendency wa.: that they liked their oxygen with a
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few of these contaminants in it. If they had their choice of saying
which one they liked, they liked the one with a small amount of
ethlVene or other impurities in it. In the case of ethylene, at
110 ppm, the trend was completely reversed. They actually accepted
the contaminated oxygen and rejected the pure oxygen, in the case
of ethylene. Using methane at 420 ppm, we had one man that was
100% of the time just opposite where he should ha.ve been. The
other five pilots gave guessing accuracy. This was all done
statistically, and I don't want to get into the statistics of this
thing, but I can review what happened. Essentially, results
were obtained on differentiation of the samples with methane
at 80 ppm. They were all guessing.

Another very confusing aspect of our tests was, when we gave them
two bottles of oxygen from different manufacturers, they could
consistently differentiate accurately between the sources of the
two bottles of oxygen. We don't know what the difference was.
We couldn't analyze it because it was wray below our instrument
detectability, which indicates that we have got to go further inULL ,o•. '.-- -- - 1++n we cave them some

isobutanc at 9 ppm, and their accuracy was guessing. This is
where we interrupted the test sequence and tried to fool them
by not trying the two samples together, and again they were only
guessing. With isobutane at 40 ppm, they were 90% accurate; with
ethane at 7 ppm, one man was 100% right all the time, and the
others were guessing. This one man consistently had a better
nose than everybody in the business, all through the test
prograr'. He could pick out things consistently, and it's the
same man who was right on the mixture; it's also the man who was
100•, opposite on the methane experiment. On the last test, we
slugged these fellows with methyl mercaptan of 20 ppm, not very
much, and their answer was that we had literally knocked the
tops of their heads off. 20 ppm of n'ct÷h,-.yl mercaptan is below our
limit of detectability by infrared. 70 ppm is the lowest we can
see, and should we ever have a methyl mercaptan in our oxygen, we
have trouble.

What do all these things mean? The Navy is training their pilots
right now to detect these odors. We are using N2 0, ethylene,
methane, acetylene, and these limits are not given as absolute
values for whether they will make a man sick or not, but for use
as indicators for the manufacturers to purify their products
adequately. Some day when we have better instrumentation, we
will be talking about more positive values. We've seen people
come in from flying with methane much higher than the 25 that's
allowed. I think SAC's handbook allows 10,000 ppm of methane for
an eight-hour working day, so you can see we are nowhere near the
threshold of making a man sick. But we are using these numbers
as an acceptance criterion;as an indicator of whether the man
producing the oxygen has done a good job, whether Lhe maintenance
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people have maintained their equivalent adequately.

On these investigation problems that I have made of pilot 3ickness,
there has been a breakdown in our chain of LOX transfers. The
trailers have had no vacuums, inviriably, when the people are
consistently getting sick. On one investigation, three out of
the four trailers had no vacuums, and they were concentrating
oxygen at the rate of, -probably, two, three, four hundred per cent
per day instead of the normal rate of five percent per day.
With this high boil-off process going on, these impurities were
concentrating very rapidly. There was no wonder that the pilots
were getting sick, because the impurities were building up to very
high levels in their containers.

Another thing we found in this business is that people who purge
their equipment periodically are not having trouble. We have
had lots of complaints, though, from people that have poor
vacuums on their trailers or poor maintenance. If the trailer
hasn't been in for overhaul for from two to five years, none of
the vacuum gauges work on the equipment, and the boys are

has been a big factor also. We will say we have screened out the
producers of bad oxygen. We find some of our problem areas
aboard ship. They do use Freon refrigeration in the ship's air-
conditioning, and very often the ship will be dumping Freon into
their compressors, and pilots will be complaining repeatedly. If
any one has a question, I will try to answer it.

QUESTION-

I wonder if it's necessary to strive for greater detectability.
I think our pilots need more education in that if oxygen samples
do smell a little bit, it doesn't necessarily mean that it's
going to kill him.

ANUWEIR:

That is true. They have never found anything in our oxygen that
,,.'ill kill a man.

QUEýTI 0N:

I am not saying that you haven't found things that won't make
them sick, but I think we should strive at a level which is below
that which will make him sick, or a level which, for mechanical
reasons, like freezing out of CO2 in the lines~where there is a
dangerous hazard. I think we are striving at ultra, ultra
purity which is expensive. Our detectable means are being pushed
to their limits, and I wonder if it's necessary"



ANSWkN:

Wc havc placed through the world about twelve infrared instru-
ments at a cost of about $20,000.00 each. We are aiming in a
direction of putting some of the samplers at every Air Station
and aboard every carrier. We now have a turn-around time on
our samplers, sometimes as high as forty-five days. :In some
cases the oxygen is long gone by the time they receive the
report. It is essential that they get good oxygen. This is
why we are going on with the program of developing the use
of flame ionization detectors. We hope to be in business
with an instrument for around $1,000.00 when it is refined.

QUESTION:

What kind of flame ionization do you use? Is it a Beckman
instrument .'

ANSWER:

We are using a Beckman; and we also have a "Hi-Fi" by
Wilkins Instruments.

QUESTION:

In the case of N2 0, one can breathe very high quantities and
most people will agree that it's there, as is shown in your
statistics, but I question the concern over these gases that
you mention at the limits that you are concerned with in the
specifications.

ANSWER:

If we had better instrunentation, we'd certainly lower these
indicators, because they are not things that would normally
make the men violently ill. We would probably be working
with mercaptan or something like that which would be more
apt to cause pilot sickness. Any one of two hundred fifty
thousand organic compounds could possibly make a man sick,
and I can't conceive of us ever having a calibration curve on
each one of these 250,000 organic compounds. Any one of these
250,000 organic compounds might be in our oxygen, some day, at
some place, and under some circumstances, and we just wouldn't
have any capability for that many types of materials. We do
think that their L.,siness will go along w:.th using the
indicators of the cleanliness of the oxygen, but 1 cannot say
whether it will stay at this parts per million level or go
down to parts per billion where you have no capability. If
we have parts per billion detectability, I predict we will go
there.
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QUESTION:

Wouldn't the nost of oxygen and instrumentation then increase?

ANSWER:

Not necessarily. In some cases, the manufacturers had to move
their plants away from the mud flats. At one of our bases the
oxygen plant is right at the end of the warm-up strip at the
end of the runway. All day long aircraft are warming up and
discharging their fumes into the air intake of the generating
plant. At night, the on-shore breezes bring in the winds off
of a tropical swamp and into our plant all night long. We've
taken this plant and moved it to a high promontory overlooking
the nice, wide ocean, and we have not had any more trouble with
that particular plant.

MR. R. E. PHILLIPS:

The MiddletomAr ?4c•tc-•cl Area has two functions rim this
program. One of them is to procure the aviator's breathing
oxygen in accordance with procurement data supplied by the Aero-
nautical Systems Division. The second function is to provide
the instructions to our customers who are, of course, the using
organizations. I feel very much in the middle, and I think
it's appropriate that our AMA is named "Middletown." Actually,
that name came about because the Middletown Air Materiel Area
is at Olmstead AFB, which is adjacent to Middletown, Pa.

It's a little hard to figure out why it's called Middletown
now, but it's not hard for me to figure out why we have a
Middletown Air Materiel Area. We are the swinghorse in this
famous team that was keynoted a couple of days ago. We do
pull our share of the load, and we follow the Aeronautical
Systems Division, and I guess the Navy, because of the amount
of work they have done in this field is also one of our lead
horses. We get satisfaction out of pulling our share of the
load, but we sometimes get a little tired of our view!

The procurement of the liquid aviator's breathing oxygen has
not been difficult. The industry has been able to manufacture
liquid oxygen to the required specifications. We have had a
few instances where the periodic sample submitted to our labora-
tories has failed the trace contaminant requirements of the
specifications. In every case it failed so miserably that it
was obvious that somebody did not clean their sampler properly,
and the manufacturer went out of his way, of course, to clean
his sampler the next time and pass the test satisfactorily.
In the gaseous breathing oxygen, we've had considerably more
difficulty. In the beginning, about one half of the samples
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sent in were failing the periodic test.

I'm emphasizing the perl~odi., test because although there was a

pre-production test, we were not able to get a continuous flow
of product into the using units if we insisted on the
pre-production tests, so until April we had to waive all
pre-production and periodic samples. But beginning on the
first of April, every contractor supplying the Air Force has
been required to send in his periodic sample, and this has
been a hardship in the gaseous oxygen field. The principal
contaminant was nitrous oxide. Some acetylene and some carbon
dioxide were found.

We feel that we have gotten excellent cooperation from
industry in putting these new specifications into effect. In
the last three years we have asked industry to supply aviator's
breathing oxygen to three different specifications, all with
significant changes in them, so it's been a rough adjustment for
industry to get in line. As far as the price goes, when they
nut in their bid this past year, I don't think they realized
what they were going to have to do to meet tne specl!2cation.
Probably they had always supplied the Air Force with aviator's
breathing oxygen, and bid their usual price. I imagine there
may be a change in price next year when they realize the
trouble they have to go to. Instructions to the customer have
been difficult for us. The headquarters of the major commands
are continually insisting on more controls. Very often we

find when we put instructions requiring more controls, the
operating units come in and complain about the additional
delays and the additional efforts that have to be made and
additional waste of products. It even involves the

cancellation of missions.

The surveillance program that is being conducted at the
present time will iron out a considerable amount of the
difficulties. The last two years have been a transition
period of rapid changes. The Air Force, somewhat belatedly,
has realized the extent of the problem in connection with
Mr. Osterhout's efforts, and ve are catching up very rapidly.
The surveillance program at present has been limited to
fourteen selected bases. This was because we had enough samplers
to service fourteen bases. I'll go over very rapidly the
results and answer any specific questions in the discussion.
In our first round, we covered ten bases out of a selected
fourteen bases. Six bases had. liquid oxygen in the storage
tanks that exceeded their use limits. Four had oxygen within
the use limits. On the second round we managed to correct
two of the six bad ones, leaving four bases which exceed their
usable limit. The peculiar thing is that there have been no
incidents affecting flying personnel in all this time. This
does not prove the absence of a potential hazard. We are
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planning to expand the surveillance program to every Air Force
Base using aviator's breathing oxygen. The four petroleum and
chemical laboratories under the AMA supervision are equipped now
to conduct analyses for trace contaminants. We are presently
receiving delivery on five hundred Cosmodyne samplers which
will be distributed directly to the bases concerned. The
purging units which Mr. Fecke will describe are on procurement,
but delivery is not expected until May of 1962. At that time
we will be able to detect the location of our contaminants,
completely purge the storage containers, and start with fresh
aviator's breathing oxygen. The surveillance program at the
present time indicates that the operation of the one-ton
generators at Air Force Bases leave something to be desired.

MR. JOSEPH FECKE:

I would like to talk about the purging units we are in the
process of procuring, which will be used to clean oxygen and
servicing equipment when it becomes contaminated. Basically,
they are both electric heaters. The type used for tanks
uses an ambient air blower, either a centrifugal or positive
piucement type. i'ne air i.ow is set at 6u crm wirn a pressure
of about 5 PSIG at a temperature of 350 0°. The air is then
flowed through the tank until the tem erature of the air
leaving the tank is approximately 300 e. We feel that this
will get rid of the moisture and any of the other contaminants
that have been deposited within the tank during its use
period.

The converter purge kit, instead of a blower, uses a gaseous
oxygen source - normally, from a six-bottle cart. The
temperature of the gaseous oxygen which has a pressure of
50 PSIG out of the gaseous trailer is 235°C. The heater is
basically a pressure regulator with an electric heater with
thermostat. We use this heated oxygen at a flow-rate of
65 liters to warm the converter itself and to remove moisture
and other contaminants from the converter. At the present time,
we feel that a purge time of ten minutes per liter capacity plus
one hour will be sufficient to remove the contaminants from the
converter

MR. BRYANT:

I would like to say a few remarks about the liquid oxygen
business as it applies to us. In the first place, I think we
should remember that we in the Medics are not in the quality
control business, but we are in the business of trying to see
that our men have the best oxygen, and for that matter the best
of anything that we can give them, even if it costs more.
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I see Colonel Peterson has arrived, and would at this time like
to ask him if he will answer the questions Colonel Bryan presented
concerning the difference between the use limit employed by the
Navy as compared to the Air Force's limits.

COLONEL PETERSON:

I can't really answer this question directly, because I don't
know why we've established use limits at all. I do not know how
the Navy use limit of five times procurement becamne established.
The purpose of considering the problem of oxygen contamination
from a medical point of view is to assure us that our pilots are
not going to become ill, and that we're not going to have medical
incidents as a result of using contaminated oxygen. I wholehearted-
ly agree with quality control measures in the procurement of oxygen.
We also should establish definite criteria. I have no particular
objection to the present limits that have been established. I'm
not sure that I wouldn't prefer a limit of contaminants somewhat
less than those that have been established.

Concerning the use limits, however, the only practical value I
see is that it gives us some indication as to when we should purge
the storage tank, the oxygen cart, or the converter. Rather than
attempting to establish a use limit arbitrarily, I believe that it
would be wiser to study the build-up of contaminants within the
storage tarnkos and all the other tankage systems between product-ion
or procurement and actual in-flight use. Using oxygen of a known
purity, we should study build-up of contaminants relevant to the
quantity of oxygen passing through these tanks. Then we can
better decide when a tank should be purged from the quantity of
oxytgen going through the storage systems rather than trying to guess
at what point we must purge. Another alternative is to determaine
analytically when purging is necessary. The problem of this is
that it automatically generates the requirement to have a laboratory
facility at every base. The feasibility of this is questionable.

We at AFLC have tentatively decided to determine the concentration
of contaminants in our procured oxygen and to study the build-up
level of these contaminants throuvh the various tankage systems
in terms of quantity of oyxygen used. flased upon this information,
we will establish a time-u'se criterion for purging. i think this
will eliminate to a large degree the need for doing analytical
work at the individuaj basees. Baýaed upon present i.nfornrmation, we
feel that this approach is the most practical and economical.
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MR. OSTERHOUT:

The five-factor limit was the result of an operation conducted
by the Marines on an island off the coast of California. A record
was kept of every gallon of oxygen generated in portable
generators. It was determined that we made five times as much
oxygen as we actually have used at the pilot level. I personally
favor the three-factor because we know that we need it to keep
a number of? our bases out of trouble. Cuarrently, our policy is
this. We do not monitor aircraft; we do not monitor trailers
or storage tanks; we don't have the instrumentation. Primarily,
we monitor the oxygen when procured and also monitor some
stations. Aircraft are purged every two weeks. Our storage
trailers are purged approximately every two months. Purging
of the station s'ourage tanks is accomplished about once a year.
If they are high utilization units, the time between purges
could be extended when squadrons have a few airplanes and only
one trailer and perhaps purchase one trailer-load a month. These
groups were consistently in trouble. They were not purging the
systems frequently enough.

QUESTION:

We are all, as Professor Hatch said, in love with our
instruments. We do have the odor test which is described in
specifications. It is now in the TO 42B6-1-1. This test is
highly sensitive. There are no instruments that will compare with
the odor tests to detect certain types of contamination, and
there is much evidence to suggest that there is no one specific
dangerous type of contamination. Generally bearing materials
are present when contamination occurs.

DR. ASHE:

Do any of you gentlemen know whether or not any tests have been
made on human subjects about odor detectability on the ground
versus at about 100% oxygen above 30,000 feet. Is there a
difference?

COLONEL BOYSEN:

I'm not aware of it.
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SANITARY ENGINEERING PROBLEI 1N FORWARD AREAS

Lt. Col. John Pierce, MSC
Assistant for Life Sciences

Deputy Inspector General for Safety
Norton AFB, Calif.

In this period of missiles with their exotic fuels and nuclear devices
with their attendant complex problems, this subject may not appear very
interesting and glamorous, but I dare say that it is of equal or greater
importance than some of our problems in the other areas. We've heard
about many fuels, radiation problems, and industrial hygiene problems,
and these are complex, they are new and they are interesting, and this
subject that I'm going to speak on may sound like bringing a ham sandwich
to a banquet, but I daresay that it's probably as important as anything
you'll ever run into.

My personal experience with Forward Areas has been, to say the least,
quite limited and of a secondhand nature. In the last three years,
however, there have been two fairly major operations in the European
Theater that we were concerned with. One of these was the Lebanon
operation at Beirut, and the other was the airlift of the United Nations
troops to the Belgian Congo. During this latter case, my only contact
was by single side band radio with the flight surgeon of the 322nd
Air Division, who was actually on the scene and responsible for the
health of the Air Force people there. I'l1 talk about Lebanon first
and then the former Belgian Congo.

Now the little Air Force Base at Incirlik, Turkey, which is a small
village about seven miles from Adana, Turkey, had in 1958 a base popula-
tion of about 2500 people - and this included dependents, dogs, cats and
all. The water supply was furnished by three drilled wells, with
standard Corps of Engineers pumping, storage and distribution equipment.
The best well had a yield of about 125 gallons of water a minute,
another one had about a 50 gallon per minute yield, and the third one
was not in use. ( I think these figures are right; I'm quoting from
memory.) The daily consumption was in the order of magnitude of
around 200,000 to 250,000 gallons a day, depending on the season.

Now this, roughly, was the situation that had existed when the Air
Force was directed to airlift troops of the United States Army to
Lebanon. Incirlik Air Base was in a pretty strategic location, and
it was to be the advance staging and refuelling area for the Army
troops and aircraft. And as aircraft personnel and equipment began
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to hit this small air base, the population exploded overnight almost to
around ten to twelve thousand people, and the situation with regard to
the water there got real critical. On the second day they resorted to
water rationing, but the static level of these two wells fell steadily.
The Air Force Commander down there was advised that the wells in all
probability would fail and it was recommended that they airlift in some
four-inch invasion type pipelines to tap an unused well in the city of
Adana, about seven miles away, which was a real good source. It was
decided, though, to rely on the existing wells, because the airlift
capacity was needed for more critical items. Two days later, these
wells did fail completely, and this decision was reversed- I have no
quarrel whatever with this commander's decision. He did have water
and he did have a very critical need for the airlift. He was in a
bind and probably if you had been in his shoes you might have taken
the same calculated risk, and I don't quarrel with this at all. So
he said, "Well, we won't do it, and if the wells fail then we'll
airlift in the material." And that's what happened.

When these wells failed completely, the nearest source of water was
an irrigation ditch about three miles from the base. This water was
free from turbidity, but it was a bacteriological nightmare, because
this irrigation ditch passed through a Turkish rural area and was
used for everything from bathing to disposing of dead animals. The
bacteriologist from the 4th Epidemiological Flight who was up there,
almost cried when he looked at his test tubes and membrane filters.
He was pretty shook at this water, but it was wet and it was the only
thing around there.

We flew in a Corps of Engineers Water Company from Frankfurt. They
had a standard 50-gallon-per-minute water purification set, and they
went into business on the banks of this canal. Now, I take my hat
off to these boys. They had been trained at the Corps of Engineers
School at Fort Belvoir, Virginia, and they knew what they were doing.
They set up their equipment and they went into operation within about
eight hours from the time they got off the aircraft at the Air Base.
We pre-chlorinated t-hi raw water from the canal at a dose rate of
20 parts per million; then it was coagulated, settled, and pumped
through the diatomaceous earth filter and re-chlorinated to a free
residual of 10 parts per million. The entire output of this unit
was hauled by a water trick to tue base where it was transferreCt
to the ground storage reservoir. This was a batch-type operation,
but they produced enough water for all drinking and culinary pur-
poses, and we had enough water available for flushing the toilets
in the barracks twice a day and enough water to shave with, but of
course the showers and things were turned off. This operation
lasted about a week or ten days.
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Meanwhile, back at the ranch at Headquarters MAFE, action was taken
to procure and airlift in a deep-well turbine pump and fourteen miles of
four-inch invasion type pipeline. If you are not familiar with this
line, it is of very thin steel, not much thicker than a stovepipe, and
it's wrapped, but it's light and it's easy to put together. We used
this equipment to pump water from the good well at Adana to the base at
Incirlik. We put two four-inch lines down the railroad right-of-way
into the base. The loss of head in seven miles of four-inch line is
considerable, so we had to put in a gasoline-driven booster pump about
half way between the base and well field.

Then we chlorinated it at the entrance to the base reservoir. This
solved the water supply problem during the remainder of the Lebanon
airlift, which fortunately didn't last much longer. Incidentally,
this four-inch line, which has a normal life of one year, is still in
operation. The wells have been rehabilitated and are now able to
produce at their rated capacity.

There is a military construction project which has been funded to
build a sixteen-inch cast iron line from Adana to Incirlik, but they
are having riGht-of-way difficulties with the Turkish railroad
people who intend to double-track this railroad center later, and
they don't know where to let us put our pipeline.

Now, during the entire time in Turkey, the water supply was the most
difficult problem, but in talks with Army personnel they tell me that
in Lebanon their worst sanitary problem was fly control. And let me
tell you that some of these Middle Eastern fly populations you would
have to see to belicve. When I first heard the following story, I
thought it was funny, but the more I think about it, I think maybe
it might be valid. At any rate, at one place where an Army Company
was stationed, their little Epidemiological Team was sent in to spray
this area for fly control, and the men in there said, "Don't kill
these flies; stay the hell out of here; these Fre our own flies and
we're accustomed to them. If you kill these flies, all of the flies
from the native area will swarm in on us." Now, I don't know how
much validity there is to this. At any rate, this was told to me by
the Company Conmander, and I think it's a true story. It may not
be, but it sounds good. Maybe some of the epidemiologists in the
crowd can probably tell me if this Commander was right. They made
extensive use of insecticides, but fly-borne dysenterey outbreaks
were very prevalent among the army troops, and it was only partly
controlled.

Our participation in the airlift of United Nations troops to the
Belgian Congo and the evacuation of Belgian civilians was confined
to air crews and communications personnel of the 322nd Air Division,
with headquarters at Evreaux, France. Now here again the major
problem was water; and in addition to that, malaria was endemic in
the Leopoldville area.
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The first thing that happened was the breakdown of the water purification
plant, and naturally the Belgians quit their anopheles control measures,
and Lhis pubed a real huzuvd Lu those air crews. The crews were housed
in a hangar at the Leopoldville airport, and for a few weeks their fluid
requirements were met by cokes and beer and water that they brought
with them on the air trip.

Our headquarters had made arrangements to ship in a water purification
set and a crew of preventive medicine technicians to operate it, when
we were notified that the local water treatment plant was back In
operation, so we didn't move. The air crews communications personnel
were using mosquito nets in the hangar; they were taking malaria sup-
pressive drugs, but in spite of these precautions we had a number of
cases of malaria develop in air crews after they got back to Continental
Europe. So I daresay that in any operation short of, or in an all-out
nuclear wr, your first concern is, or will be, sanitary engineering
problems.

In the May 1961 issue of "Military Medicine" there is an article by
Louis Applegate on "Preventive Medicine in the American Revolutionary
Army." One of their problems was pure water. They used vinegar
instead of chlorine, and were instructed to get water from the center
of running streams, but they would. still find the troops committing a
nuisance around the camp.

I'll gaze into my crystall ball and predict with EL pretty high
degree of confidence that in any advanced area in any emergency short
of an all-out nuclear war, your first problems would be water and
feces and insects, because this always happens. I strongly recommend
that you have a working knowledge of standard field methods of testing
and treatment of water, and this be a part of your mental equipment.
It may not be as interesting as other fields,but it will pay off
sooner or later.
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NUCLEAR POWER PLAUT SURVEILLANCE AT A R1MOTE RADAR SITE

Lt Ool (1-1-ffnrd W. Bollee, MSC
Hq ADC, Ent AFB, Colorado

This week the reactor core is being delivered for the PM-i Nuclear
Power Plant nearing completion at Sundance AFS, Wyoming. With on-site
arrival of the nuclear material, medical service surveillance over
the power plant operation enters routine phases of application.

Specifications and schematic drawings of the PM-i nuclear power plant

are contained in the handout brochure. Briefly, this plant will
supply the electrical power and space heating requirements for the
operational facilities of the 731st Radar Squadron being built atop
Warren Peak in eastern Wyoming. Operating experience gained at a
typical air force field installation will serve to guide future appli-
cations of controlled nuclear power within the military establishment.

The PM-i facility is the first Air Force venture into the utilitarian
use of nuclear Anergy in a field situation. As such, it has posed
many new problems for staff agencies of the Air Defense Command.
Operational and support requirements differing greatly from routine
Air Force ccncerns have demanded solution. Training of the operating
crew, personnel rotation, special equipment, resupply, Civil Engineer-
ing utility operations, and medical support are only a few of the
areas involved. I am going to discuss only the factors involved in
developing the Air refense Command medical support rationale for this
unique operational mission. At this point, I should like to review
somne pertinent facts. Power is obtained from a reactor through re-
lease of the binding energy when heavy uranium fuel atoms split into
smaller atoms. This produces heat which can be used for mechanical
power. However, during the nuclear fission process, some energy is
given off in the form of ionizing radiation. About 3% of the reaction
energy is released in the form of prompt gamma radiation. Subsequent-
ly to the initial uranium fissioning, the variety of lighter element
fission products created continue to give off ionizing radiation as
they decay to ultimately stable elements. For the PM-l reactor, 10
grams of uranium fuel per day are converted into radioactive fission
products. A few milligrams of these are enough to make this room
uninhabitable.

Ionizing radiation, be it due to alpha, beta, gamma, neutron or other
types, is damaging to living oiganisms. The degree of damage sustained
is a function of the length of exposure and the energy imported to the
tissue, which equals the absorbed dose. Please bear in mind that there
is no such thing as a "safe" level of absorbed dose. No matter how
small the dose, commensurate cell damage will result from it. The
usefulness of atomic energy, however, dictates that we must accept some
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adverse effects in exploiting it. The basis of all current ionizing
radiation exposure levels ultimately comes down to benefits versus
harm from the dose absorbed. Benefits obtained must be worth the
risks taken. An often used analogy is the automobile, which kills
and injures more people than any other man-made device. Admittedly,
this toll could be greatly reduced if permissible speed limits were
dropped to mph. However, this would nullify its usefulness.

It follows that practical ionizing radiation exposure levels are
necessary. The applicable N.C.R.P exposure limits for the PM-1
environment are as illustrated. Ideally, in the case of the
occupational worker, these should neither be so low that they
interfere with necessary operations nor so high that they subject
the worker to perceptible bodily harm over a working lifetime. For
the population-at-large, cumulative man-made ionizing radiation
exposures must be kept below genetically significant levels.

The preceding facts delineate the Medical Service area of concern
here. I will now mention'the ways and means adopted to provide
requisite medical support for the PM-1 operation.

First echelon medical support for the nuclear power plant personnel
is afforded by the Military Outpatient facility for the radar site.
At a typical tadar site, this facility is staffed by two Independent
Duty Technicians. For the Sundance AFS mission, staffing was
augmented by one Preventive Medicine Technician. Routine surveillance
and monitoring services will be extended from the on-site facility,
with periodical consultant engineer field evaluations provided by
the Division Sanitary Engineer.

Back-up medical support for the site is furnished by the 821 Medical
Group at Ellsworth AFB, which is the support base for Sundance AFS.
In addition to these capabilities, special radiobiological analyses
are obtained through the resources of Walter Reed Army Hospital and
the USAF Radiological Health Laboratory.

Numerous medical examinations of the reactor personnel will be
completed by the time the reactor goes critical. These include
whole body counts to determine existing body burdens of radio-
isotopes, physical examinations and bioassays of body fluids, These
examinations will be repeated at periodic intervals to detect
changes attributable to exposure to ionizing radiation.

During operation of the reactor, ionizing radiation from the nuclear
material and its -waste products pose obvious threats to the P,1-1
personnel. Basic protection is provided by the biological shield of
compacted earth surrounding the primary units and, in a vertical
direction, the shield water in the primary tanks. However, mistakes
in technique during hot waste handling, equipment malfunctions, and
freak accidents can and do occur around reactors which result in the
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spread of contamination. Automatic warning devices give notice of
changes in environmental levels. However, the worker himself must
be continually monitored *to reveal his pctual personal exposure and
ensure he does not exceed established limits.

The presence in the PM-I crew of a health physics complement necessi-
tated a precise delineation of radiological health responsibilities.
These health physicists are responsible to the PM-I unit commander
for the safe operation of the facility. The medical service has
neither direct supervisory nor operating control of these personnel.
Therefore, a policy decision was cleared with the Atomic Energy
Commission that the reactor crew will conduct its own day-by-day pro-
gram of personnel and facility monitoring. The Medical Service will
establish and maintain an independent surveillance program. This is
in accordance with long established custom that the Medical Service
will not engage directly id industrial operations but rather will
monitor health hazards associated with an operation. It preserves
the time-tested nheck-and-balance evaluation of the adequacy of in-
ternal control mechanisms.

Thus, the PM-I health physicists will monitor reactor crew exposures
through the application of safe working procedures and the use of
individual pencil type dosimeters and a hand-and-foot counter. As a
check on this, both beta-gamma and neutron sensitive film badges will
be issued, collected, read and permanently recorded by the Medical
Service through its established resources. The health physics person-
nel will routinely monitor the plant environment with the installed
air monitoring and gamma radiation detection equipment, together with
portable survey meters. Periodically, the Medical Service will per-
form independent checks of the plant internal environment using field
RADIAC equipment. This surveillance will be conducted in the same
general manner as for all other occupationally hazardous environments
found in the industrial operations of the Air Force. Besides ioniz-
ing radiation, general industrial hygiene concerns such as the usage
of the toxic solvents and chemicals, heating, ventilaLion and illu-
mination will be involved. Food and drink practices also need to be
closely watched. The return of soft drink bottles to general circu-
lation from such an ervironment would not be permissible, for example.

Turning to considerations of the health of the population-at-large
in the vicinity of the reactor, it is apparent that a wide field of
endeavor is involved. Because of the absence of controls for the
external environment and the rights of the people in it, ionizing
radiation levels for the general public, livestock, crops, water-
sheds and milksheds are much more stringent than within the nuclear
power facility. The adverse public relations and legal and political
difficulties that can arise from minor incidents and the remote
possibility of major accidents warrant strenuous efforts to avoid.
Monitoring and prevention of the release and dispersal of radioactive
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contamination require constant attention and expense, but decon-
tamination of an area may involve far greater grief and cost.

The primary soure nf' area contamination$ excluding a nuclear ex-
cursion is the by-product and waste materials associated with the
nuclear reaction. Radioactive gases accumulating in the primary
loop water are passed through a scrubber and flame arrestor and fed
as off-gas to the shield water cooler vents for dilution and atmos-
pheric release. Radioactive constituents in the reactor water be-
come transferred to the demineralizer bed. This hot material is
flushed into a buried waste tank for concentration and storage.
Spent fuel fission products build up constantly in the core. These
wastes require careful safeguarding. Their escape into the atmos-
phere or ground waters could result in widespread contamination.

Monitoring of the external environment of the PM-1 reactor will
also be accomplished as a medical support activity. In addition
to environmental surveys already performed by the Martin Company,
the Medical Service is accomplishing its own base-line survey to
obtain an independent set of reference (¶ata. Water, soil, pasture
grass and other vegetation samples have been collected over a wide
area surrounding the site. These samples are analyzed by the USAF
Radiological Health Laboratory as a service rendered by AfLO. At
periodic intervals, the same sampling locations will be retested
to provide date on radioactivity levels in the region and serve to
monitor the power plant operation.

The Medical Service areas of interest in a field nuclear power
plant operation have been discussed. The surveillance requirements
entailed fall, for the most part, in the province of the Medical
Service engineer. Expanding utilization of atomic energy within
the Air Force points up the need for increased sanitary engineer
familiarization with this specialty field.
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RESPONSIBILITY OF THE AIR FORCE LOGISTICS COMMAND
IN THE AIR FORCE RADIOLOGICAL HEALTH PROGRA4

Captain Carl J. Weinberg,IMSC
Hq AFIC, Wright-Patterson APB, Ohio

I would like to start out by giving a minute of philosophy which
then makes the rest of the speech almost superfluous. If you read
our job description in AFR 160-17 you would come to the conclusion
that if we were all competent in those fields mentioned in that
regulation, we would obviously be the world's best educated
individuals. We find that, depending upon our assignments, our day-
to-day problems are channeled into certain areas that are covered
in this great, big broad field. It happens that in the area to which
I am assigned, the day-by-day papers that stack up on my desk are in-
volved with problems of health physics, radiological health, or what-
ever you might call it.

The whole point of getting up here and talking is to tell you that
because of this particular position, I have available to me facts
and information regarding this area of responsibility that you may
not have. In the same way Captain Kittilstad has facts and infor-
mation regarding fluorine spills, because he happens to be at Edwards
where they are doing this work, that a lot of don't have. If you get
into a problem in a particular area, please, at least know where the
person is who is working in this day by day, and give him a call. We
are not such a great big organization that you can't pick up the
phone and just call up and ask,"What's the story on this. that, or
the other thing.".. The same holds true if somebody comes in asks me,"
"What's the problem with fluorine spills?" I'm going to get on the
phone and call Owen and say,"What is it?" I can't keep up with all
the work that is going on. So, very quickly, I am going to cover
the three big areas that we are in, tell you what we are doing, and
leave it at that. If you've got any problems) I'll put my phone
number on the bu1letin board .- Wright-Patterson AFB, Ext. 62331.

Under existing regulations there are three big areas in which AF'I
is involved& First, the USAF Radioisotope Committee ; Second, the
TEBAF Radiological Health Laboratory; Third, AFLC responsibility in
consultant services, including health physics. Now, in the tE8AF Ra-
dioisotope Committee, we are the central focal point for all licensing
of radioisotopes in the Air Force. We are the official agency that
deals with the Atomic Energy Commission in the licensing and regula-
tion of radioisotopes. This is not only for Air Force people, but -
for coordination purposes - the Atomic Energy Commission sends through
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the Committee all applications from private companies where they
will apply radloisotopes on Air Force Bases or Air Force installa-
Lions. As you cau well imagine, this results in a veritable flood
of paper work.

It was realized five or six years ago that there are certain problems
peculiar to the Air Force with regard to radioisotopes, especially
with regard to licensing. These problems led to the USAF Radioisotope
Commiittee holding an Air Force-wide license for certain categories of
radioactive materials. I hadn't intended to do this, but because of
some of the questions I've had, I would like briefly to tell you
those isotopes which are licensed on the Air Force general license
and whose regulations and handling are covered under the "Tech Order"
system. Now it took me a year and a half in the Medical Service to
find out where in the Hell I could get them. But you can get them -
your Inspector General keeps a Tech Order library. So if you people
are not familiar with tech orders and you haven't screened through
the multitude of items that they cover, I would suggest that you do
SO.

The USAF general license covers the following items: It covers the
luminous markers on aircraft. Check sourceT for the PDR-39, PDR 43-A
and PDR 43-B are covered, so that the individual base is not required
to get a license. Additional requirements come out of the supply
channels, such as a statement on the order or requisition that the
person is cognizant that the check sources involved are radioactive,
but this is all that is required. The Krypton 85 batteries on the
re-entry vehicles and also the Cobalt 60 calibration sources are
covered under the Air Force license, and their handling, disposition,
requisitioning and approval are covered under a technical order in
the same series - 00-11ON-3, I believe. Also. the Plutonium 239
sources are calibration sources covered under the same system. The
only other item that is covered under thisPollonium 210 static
bars, which I think someone mentioned and talked about the other day.

Let me say this, that sitting where I am, belng involved in holding
this general Air Force license, I'm really sitting in an isolated
ivory tower, as to what is really happening to these items down
in the field. I would like very much to get information from you
people if you run into any problems with regard to any of these
items. Yesterday it was brought up that two of the pollonium 210
bars were found to be leaking. We are involved in reviewing the
specifications, procurement actions and. write-up of the procurement
orders for these items. If we require a change because of field
use, we are in a very enviable position in that I can do something
about it. So this is sort of a two-way street; the more I know
about the problems you are running into with regard to these items,
the more I can do in trying to help make it easier for you.
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The other flood of paper work has to do with the special require-
ments for the Cobalt 60 and the PU 239 calibration sources through
the Pi•L laboratories. Thia PMEL LO) igystem that's going into ef-
fect is actually a laboratory at every AF base which calibrates the
ordinary instruments used in the day-to-day operation of the mainte-
nance of aircraft. This is a sort of central calibration laboratory
and the calibration of radiac instruments is just another one of
their jobs. Being where I am, all I see is the paper work and it's
sometimes amusing to read through these applications. There are
such things as people asking for "alfa" sources' I wrote him that
I suggested his local feed dealer, but are you to assume that such
an individual really doesn't know what he is doing of that he just
made a mistake here. It's sometimes difficult to make up your mind
whether you ought to approve an individual to use the source or not.
We may get a very elaborate description of the safety precautions
they will take on the calibration range, using a PU 239 source!
It makes you wonder! Do these people really know what they are
doing? Inmany cases on these applications I find that the base
sanitary and industrial hygiene engineer is named as the individual
who is the radiological health officer, and then I begin to wonder
whether you people ever know you are on these applications. But
I won't take any longer on that paeticular problem.

We get involved in a variety of interesting uses of radioisotopes.
The use of Zinc 65 tipped bullets for scoring systems on firing
ranges, for instance. The same principle will be used on the Nike-
Zeus scoring system at Vandenburg. Additionally, we get involved
in reviewing clinical isotope licenses from the health protection
aspects.

With regard to licenses, I want to mention three items that have
given us a lot of troublea (1) The Atomic Energy Commission is on
a crusade with regard to leak tests. The procedures that are now in
the tech orders are really not accurate. We're in the process of
changing these. I would like to have each one of you go down and
find out at your PMEL Lab is there is any record of a leak test.
Every copy of an AEC Compliance inspection that I get mentions this
particular item. The T.O. says they will be leak-tested every six
months and a record of this will be kept. This is done at very,
very few places. (2) The AEC requires that a record of survey
be available to show that someone has been down there and surveyed
the facility, if there is a by-product material in use. A lot of
people have indicated to me, "Yeah, we go down and make a survey,
but we never write it up." I'm just saying this because the
letter on these inspections goes to the Base Commnder, and he
has to have an ansuer to these things. (3) I want to mention
the use of Magnesium-Thorium alloys. Magnesium-Thorium alloys
do not require a license as long as they are in a finished product.-
They require AEC licensing if you are going to perform any kind
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of machining operation - that is, if you are going to weld on them,
cut them, or anything that produces dust or fumes. New aircraft
C-140's and C-141's are using natural uranium or spent uranium
,r control cable countenreights. This also does not require AEC
licensing, as long as no particular machining operation is done on
the counterweights. The Code of Federal Regulations has been
anended; you don't need a license to put them on and off the
aircraft, to store or to handle them, as long as you don't cut them
apart.

Te other area of responsibility is the Consultant Health Physics
Services. Here we get involved in helping out on the PM-I, Radar
X-rayso Medical X-rarya and Dental X-rays. We aý?e in sort of a
pilot study now on the use of the U.S.Public Health Service Dental
Sur-Pak technique for the screening of dental X-ray machines. We
have mailed this out to our dentists and hope to get some results
back on this. This is a very rapid means of screening dental X-ray
machines. If any of you are interested in trying it within your
commands, get in touch with me, because a lot can be done in this
way.

A multitude of calls are received on the daily problems that arise.
The big problem right now is the identification and marking of ra-
dioactive materials. There are so many military specifications,
military standards, etc., that it is virtually impossible to tell
really what you ought to do on this particular problem. All I can
say is that this is a problem area, and I would like to ask you
people, please, not to make a crisis out of it. We've already had
this happen. On one base we found something like 170 items which
gave a reading on a GM survey meter, but which were either not
marked or not known to contain radioactivity. So the present
standards are all being changed to reflect marking requirements, in
a Military Standard 1W9-C, which is a packaging standard. If you
will get one, take a look at this and I think the problem might
disappear.

This is a general synopsis of AFIW's involvement in health physics
problems. This is what I have to worry about day by dLy. If you
have any problems along this line, I will be glad to answer any
questions -while i n, here. Otherwise, I'm always available
at Wright-Patterson, at Extension 62331.
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12DLMTRIAL IHYGIEM, PROBLEi. OF THIE TITAN I1 NISSILE SYSM•

Capt. C.H.Powell; Capt. B.S.Srmith; Lt.J.O.Pierce II
Lt. R.G.Nadeau; Mr. E.G.RoblesJr.

Speaker: Captain Billy S. Smith, U•AFý, DOC
IRegioual Environmental Health !"bo•ratory, McClellan AOB, Calif.

With the rapidly changing and evolving weapons systems currently
in use and under development, it has become imperative that
industrial hygienists become familiar with a number of widely-
varying problems relevant to these systems. (17)

In studying the industrial health hazards inherent in one of these
new missile systems, the Titan TI, it early becomes apparent that
conventional methods would not suffice in the collection of
representative environmental samples, nor in all cases would known
procedures result in adequate analytical accuracy. (1)

A consideration of the materials used in the Titan II system
(nitrogen tetroxide, hydrazine and l,l-Dimethyl Hydrazine (MMD),
as well as their low-and-high-temperature decomposition and
combustion products, showed that an exceedingly complex oxidation-
reduction system existed, and that no adequate evaluation under all
conditions could be completed without detailed and exhaustive
studies.

It was felt that an experimental program to determine the proper
methods of sampling and analysis could be undertaken with profit.
As a preliminary step it was essential that valid methods of
sampling and analysis for each of the three original components
of the system be available, not only macroscopically, but for
trace quantities as well. Numerous excellent analytical methods
existed for quality control work (13, 24, 25) and for individual
components in the percent range (7, 9, 12, l14); however,
information for analytical procedures to be used in the microgram
range were adequate only for NO2 and even then valid only when the
analysis was performed after a predetermined elapsed time (22).

Information as to N2 1-4, UDMH, and their various decomposition
products ams in large measure lacking, or based on theoretical
calculations of firing conditions (10) and was in some instances
contradictory (16, 18).

Early experimental work on NO2 and hydrazine proved that existing
methods for their determination would in all probability suffice
with only minor mocd.fication. Previously published work was
verified, and no insurmountable interferences from UDMH were
discovered (2, 3, 5, 6, 22).
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The most promising methods were the use of p-Dimethylamino
Benzaldehyde for Hydrazinep and Diazo coupling of N-(Naphthyl Ethylene
Dicunine Hydrochloride) with sujlfanilic acid for NO2 , the sole difficulty
with the latter being the aecessity for immediate analysis, due to
oxidation with moderate rapidity under normal conditions (23). Analysis
for NO2 should be carried out in the field, using the Saltzman reagent
adapted for field use (22). If field analysis is not possible,
samples may be collected in evacuated 500-milliliter gas sampling
tubes at ambient temperature and transported to a laboratory for
analysis. Figure I shows the rate of oxidation of NO, collected as
described above, and under normal saxmpling conditions (200C and
760 mm ing.)

UDMH was expected to cause difficulty, as it reacts with a wide
variety of materials and forms an undetermined number of products on
decomposition under ambient conditions. It appeared necessary, from
the recommended NIAC values (30, 31) and other considerations, to
develop methods of analysis cens-itive to UDMH in the 0.1 - 1.0
microgram range. It was found that electrometric and redox methods
for determination of UDMH were either insufficiently scnsitive for
the desired range, or non-specific.

Atbmpts to analyze for UDMHi in air by IR spectrophotometry (18)
were promising in relatively high concentration (ca. 100 ppm). As
the vapor density of the gas was lowered. it became evident that this
method would not be adequate for a two-fold reason. First, the
"specific" absorption maximum for UJDMH at ll.0 microns became reduced
at a much greater rate than accounted for by calculation, and new
absorption peaks began appearing at 9.8, 11.3 and 4.35 microns.
Subsequent samples of UDMH from Aerojet and Eastman showed similar
behavior. Insensitive recalibration of the instrument (Perkin-
Elmner Model 21) showed that the peaks were real, and suggested
decomposition of the material into as yet uniciown reaction products.
Careful study of the trace elements suggested that at least one of
these products was Dimethylamiae.(4)

Rollefson (21) discusses the mechanism of photolysis of Hydrazine
to Armonia, Hydrogen and Nitrogen. A similar decomposition could
account for the production of dimethylanine.

2(CH03)2 N1412 - 2(CH3)2 NM' +

2(C!13 ) 2 NNH 2(0H 3)'"2 NH N2

Investigation of different diluting gases showed that dilution of
fresghy distilled M-21JJ with helium Gave results as reported in the
literature (18). Dilution with laboratory air and humidified oxygen
(relative humiidity j20% in both cases) showed the above-described
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changes. Since the behavior of UDMf in normal atmospheres was of
primary interest, no experimentation with dry oxygen was performed.
It was also noted that in aqueous solutions (pH 2) the decomposition
was markedly retarded or did not seem to occur in conc:entrations of
less than 1000 ppm.

UDIM in which a marked degree of decomposition had occurred, as
noted by a high Saybolt color index, dixtilled at atmospher•ic
pressure under dry nitrogen, resulted in:

(1) A clear mobile liquid, boiling from 62 - 640 C. (BP of
UDMH at 760 vim Hg to 630 nDn Hg.)

(2) A yellowish-white crymstalline solid formation in the

condenser.

(3) A heavy, black, viscous, oily residue.

(4) An uncollected gas, with a pronounced "fishy" odor.

As mentioned above, portion INo.1 gave no reaction with Chromotropic
Acid. Portions No.2 and No.3 gave strong reactions with
Chromotropic Acid. The crystalline solid was tentatively identified
as 1,1 Dimethylhydrazonium 2,2 Dimethyl Carbazate, as previously
described. It was therefore decided that without a more comprehen-
sive study, infrared methods would not be utilized to determine
UDM1I in air.

It was reported that Chromotropic Acid in concentrated Sulfuric
Acid determined UDMH rapidly and accurately. (3) Studies in this
laboratory showed this to be true of UDMH with which no special
precautions had been taken in storage and use. Freshly redistilled
UDMH, however, did not give the reaction at all and it appeared
certain that again it was one of the decomposition products which
was being determined.

Feigl describes the reaction as being specific for formaldehyde. (6)
Related investigation of aqueous solutions of UDMv with Schiff's
reagent showed definite presence of aldehydes; following the
reaction by means of Chromotropic Acid over a 30-day period showed
that formaldehyde built up to a maximum at approximately 22 days in
dilute solutions, after which the concentration tended to be
reduced. The concentration of UDMH was reduced at a much greater
rate and some intermediates as yet unknown were postulated. Fig. 6.

It was found that the MSA field sampler operated as specified by
the manufacturer; however, moderate quantities of NO2 seriously
,interfered with the reaction. It should be pointed out that, due
to the probability of interaction, it is possible for UDMH and N02
to be present in the air together at comparatively high concentra-
tions - up to 1.000 ppm and probably higher. (19).
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'UDMH decomposes in aqueous alkaline solutions, whether exposed to
the atmosphere or kept stoppered in reagent flasks. Since UDW}I is
a basic compound, a solution of the compound will bo alktaline if
no acid is added. In weak acid solutions (pH 2) the compound up
to 1000 ppm is stable for at least three months and probably much
longer. In slightly alkaline solutions (pH 10) concentrations
ranging up to 50 ppm were analyzed daily for UD1H in an attempt to
derive a reaction rate for UDM11 decay and the corresponding rate
for the formaldehyde formation. There are evidently sufficient
competing reactions in the system to prevent derivation of a
reliable rate for either compound. It was noted, however, that the
UDMH concentration dropped rather rapidly for the first eight days,
leveling off to essentially no detectable UDMH in even the 50 ppm
solution after 18 to 20 days. Also, a gradual rather than a rapid
formation of formaldehyde was experieritally suggested, which
indicated the possibility of an intermediate complex (Fig 6) -

possibly a hydrated form of UDMH, either or both tetramethyl
tetrazine and N-Methyl Methyleneimine.

In a further attempt to determine decomposition and/or degradation
products, the reaction of UDMH with trisodium pentacyano amino
ferrate, a procedure was developed which seems to be satisfactory
under rigorously controlled conditions, such as pH adjustment,
measuring absorbance at exact times and the absence of interfering
ions (Fig 2, 3, 4). It is exceedingly difficult under field
sampling conditions to meet these analytical requirements. Sinie
UD•IH is rather unstable in alkaline solutions and degraded to
possibly several products, a limited study was undertaken of
degradation products in air, soil, and water. It was determined
that UDMH vapor did not decompose, rapidly at least, in dry air
or nitrogen, while it did decompose quite rapidly in moist air.
Infrared and gas chromatographic information indicates that the
products of degradation are dimethylazrine, ammonia, formaldehyde,
nitrogen, and possibly others, such a._: crioxane and tetramethyl-
tetrazine.

At the present the intermediate compound or compounds have not been
identified with certainty and this information may very well be
the key to reaction paths and possibly some toxicological
information. Also, after approximately two weeks, traces of
cyanide were -found in the experimental H2 0 solutions. The reasons
for the positive test for CN is not fully understood yet, but it
did point out another very interesting problem which may confront
industrial hygiene engineers in surveillance of Titan II missile
sites.
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SOIL PERCOLATION AND WATFE POLLUTION STUDIES

It has not as yet been proven whether UTDMH accidentally Spilling or
percolating into a stream will present a water pollution problem
from cyanide or other toxic material in the water system, but
indications from limited data point toward an area of considerable
concern. In assessing possible water contamination, at least the
following analyses should be considered: nitrite, nitrate,
hydrazine, UDMH, formaldehyde and cyanide. This 1i3 not in all
probability the final answer on the analytical procedures to be
followed where contamination of a water supply by the fuels and
oxidizers of the Titan II system or their combustion or degradation
products, and investigation in this area will continue.

In pursuing decomposition studies, the effect of UDMH in solution
as it percolated through the soil was investigated. The
laboratory apparatus utilized for the soil percolation studies were
standard chromotography columns 2-ý cm in diameter and 41 cm long,
with a medium porosity fritted disc.

It was hoped that a chromatographic absorption of UDMH might occur,
leae i-+. r-nnpe flnr-nmnotition or at least retentiion of the
material. The results were not as expected. Percolation of a
UDMH solution through the soil columns indicated that the reaction
path may be different with soil than it was with aqueous solut.ons.
No explanation of the differences in reaction is postulated at this
time, but there is evidence of formation of from 0.05 to O.5Z
cyanide, based on the amount of UDNE added to the samples. To
determine whether this formation of cyanide was a peculiarity of
the soil used, the laboratory conditions, or could be considered
typical of the reaction of UDMH with soil, soil samples were ta1en
off base to simulate as nearly as possible actual conditions near
a rocket engine test stand. Soil was placed in a container and a
UDMH solution was allowed to stand, over it. Cyanide vms found in
both the soil and the water above the soil. In an attempt to find
out what portion or type of soil was responsible for cyanide
formation, the sgil samples were sieved and half the swmple was
calcined at 1000 C for one hour to remove organic matter. The
samples were charged with freshly prepared UDMH solutions, made to
a saturated soil paste with sufficient distilled water and
allowed to stand for ?!4 hours. The samples were then filtered and
the filtration analyzed for CN and formaldehyde. Higher
concentrations of CN and HCHO were found in the 200-3,25 nesh
sieve cut than in any other portion. This ray have been due to
proportionately greater surface area.

The effect of heating, the so:i1 to 1000°C was quite noticeable.
Neither CN nor fornmaJdehyd,.* •..n,: prxluced in anything like thu quantity
that was produced in nurm.IP 1 3(oil. ApI;arently, either the occluded
water or the organic maie.er i.resent and/or biologlcal oxidation fromI,
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microorganisms in the soil catalyzes the reaction. It is probably
the organic material or a combination of the organic material and
microorganisms which cause this effect. since i.mter alone produced
only traces of CN. This is characteristic of one type of soil, and
the reaction path imy or may not differ with other types. A more
detailed study .fhich would take into consideration soil saimples of
various types located in a certain geographical area would aid in
this evaluation. Formation of CN and HCHO in both samples occurred
in the first few inches of the soil. It would appear reasonable
that more concentrated solutions would cause the formation at deeper
levels as well.

A slurry of soil and UDIS1: was inoculated with some of the bacteria
utilized in water purification plants, to determine what i.rould happen
to the purification beds if a spill occurred and contar.inated the
area. Surprisingly enough, the bacteria seemed to tolerate the
UDMH very well, even in 1000 ppm (0.l" ) concentration. Evidence
indicates that at least certain strains of bacteria will not be de-
stroyed unless concentration rises to extremely high levels. A more
detailed study is required in this area of research.

COLLECTION OF FIETM SUM,•IMS

The sampling area, while extremely important, varies with conditions
from very difficult to nearly routine and will be discussed briefly.
In evaluating the possible hazards of Titan II )riLssile sites, three
primary sources of samples are readily available; e.g., water, soil
and air.

In the collection of water and soil samples, the orily method of
preservation to be considered should be rapid transmittal to the
laboratory. Although acidification of the samples will "fix" UDITH,
hydarazine, asmonia., and amines, it would destroy cyanide and provide
proper conditions for destruction of NO2 . Water samples should be
one gallon in volemec collected in clean glass or polyethylene
containers and sealed,

Soil samples should consist of five random samples taken to a depth
of approximately six inches over an Lrea of one square yard. The
composite sample should be from 500 to 1000 grams in weight. Where
holding ponds with earthen bottoms are used, periodic samples
of the silt from the pond bottom may be submitted.

To this date, industrial hygiene investigations in this laboratory
relative to atmospheric contamination from the Titan II missile
system have been primarily concerned w-rith two different types of
field conditions. One is high temPerature, dccompsit-!on s IJudies of
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static test stand firings of the Titan II and the second is investi-
gation of fuel spills or leaks of UDMH. Unless further experimenta-
tion proves otherwise, theoretically high temperature decomposition
of aerozine-N 04 is not of primary toxicological concern in
comparison with low temperature combustion or accidental fires, due
to the incomplete reaction which may occur. The latter should require
more attention and control, as will spills and leaks of either
component singly or in combination. Studies of spills of hydrazine
or N2 04 have not been completed at this time to our satisfaction.

Obtaining meaningful data fromatmospheric samples relative to
combustion studies is extremely difficult. A large amount of water
vapor is formed from water used as a cooling medium during static
firings and from the thermal decomposition of the propellant. The
micrometeorological conditions during static firings, overpressures
from the firing, and the extremely short firing time (maximum 120
seconds) have necessitated the use of high volume samplers (Fig 10,
11) and/or evacuated sampling containers. (Fig 7, 8, 9).

At the present, the use of remote controlled high volume
compressors (2 - 4 cubic feet per minute) and evacuated sampling
containers are recommended. The laboratory is using high pressure
10-liter sampling flasks.

The samples have been collected both downwind from the static
firing stands and from sampling directly at the flame bucket, with
the equipment placed under the breast plate. The latter method of
sampling in being employed at the present time to collect the
highest possible concentration of contaminants for further
development of analytical procedures.

In the studies of fuel spills of UDMH, the problems are complicated
by air oxidation and the possibility of surface adsorption of the
fuel on the sampling container. As has been discussed, little is
known as to the path of the oxidation of UDMH, or the rate of
these reactions even under laboratory condition. However, with the
limited experimental data obtained, it seems the rate of UDMH air
oxidation is comparatively rapid under normal conditions of
temperature and humidity, and the oxidation rate may differ
considerably from sampling station to sampling station, depending
upon temperature, wind and humidity. Therefore, sampling devices
that record total oxidation or reduction are not of great value
in this type of evaluation, as they will give no indication of the
rate, path, composition or relative toxicity of UDMH and its
oxidation products. These instruments are valuable for use as
warning devices, however, if placed in the proper locations.

In the present state of the art, collection of samples by use of
high volume compressors and evacueted containers is a method of
choice, and collection in 0.1 N sulfuric acid by impinger is a
suitable alternate. -173-



It is believed that this laboratory has developed analytical methods
that lend themselves to atmospheric soil and water analyses for the
Titan II propellaitt and submnission of samples is invited. However,
it is suggested that you discuss your particular problem with the
laboratory before collecting the samples, in order that special
instructions and precautions can be taken.
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